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           The aim of this project is to investigate the tribological characteristics of 
magnesium-based composites reinforced with different types of metallic particulates.    
Three different groups of composites; namely, magnesium-nickel, magnesium-copper and 
magnesium-titanium, denoted as Mg-Nip ,Mg-Cup and Mg-Tip, with volume fractions 
ranging from 1.5-6.1% for nickel, 2.1-6.6 % for copper, and 2.2-5.9% for titanium, along 
with pure magnesium, were tested using a pin-on-disc wear tester under dry sliding 
conditions to study the effects of sliding speed, normal load and particulate content on the 
wear performance of the composites. 
            Experimental results revealed that an increase in normal load from 10N to 30N 
resulted in increased wear rates for both pure magnesium and its composites. An increase 
in sliding speed also generally resulted in increased wear rates. For each of the sets of 
composites, an optimum particulate content for improved wear performance was found. 
Under the low sliding speeds both the copper-reinforced and titanium-reinforced 
composites showed better wear performance but as the sliding speed is increased, the 
nickel-reinforced composites were better. Under the most severe sliding condition, the 
nickel-reinforced composites exhibited up to 9-fold increase in wear resistance than pure 
magnesium and up to 6-fold improvement over other composites. Five different wear 
mechanisms; namely, oxidation, abrasion, adhesion, delamination and melt wear were 
found to be operative under various sliding conditions. Oxidation wear was the dominant 
wear mechanism observed under mild sliding conditions for all specimens except for 
titanium-reinforced composites. Under mild sliding conditions, a stable oxide layer is 
formed on the pin surface which offered better protection against metal-metal contact 
 x
especially in Mg-Cu composites, which had the best performance. Abrasive wear is 
dominant under mild to moderate sliding conditions for all specimens. The composites 
exhibited lower wear rates than pure magnesium due to their better hardness. Fatigue-
related wear (delamination) is also observed under moderate sliding conditions for the 
composites only. However, the composites showed superior wear performance despite the 
delamination because the pure magnesium had already begun to wear by the more severe 
process of adhesion. Adhesion is also operative under moderate to severe sliding 
conditions for the composites. It is generally less extensive in composites once again due 
to their high hardness. Melt wear is observed mainly in pure magnesium. The composites 
are able to withstand this wear mechanism because the hard particulates reduced the true 
contact area between pin and disc, thus lessening the frictional heating during sliding. 
Based on the wear mechanisms and wear rates obtained, the magnesium-based composites 
reinforced with metallic particulates, particularly the nickel-reinforced composites are 
recommended for an application where light weight and better wear resistance is an 
important criterion. 







           Metal matrix composites have emerged as a new class of advanced materials in 
aerospace and automotive applications. The performance advantage of MMCs lies in their 
tailored physical, mechanical and thermal properties, which include low density, high 
specific modulus, high specific strength, high thermal conductivity, control of thermal 
expansion, good fatigue response and high abrasion and wear resistance [1]. They are 
attracting considerable interest world-wide due to their potential superiority in engineering 
applications requiring high strength and stiffness with low density. The ability to combine 
metallic properties (ductility and toughness) with ceramic properties (high strength and 
high modulus) leading to great strength in shear and compression and high service 
temperature capabilities enable the MMCs to meet the requirement of tribological 
applications [2]. The commonly used metallic matrices for tribological applications 
include light metals such as aluminum, magnesium, titanium and their alloys. The 
reinforcement is in the form of fibres, whiskers and particulates. The two most widely 
used reinforcements are silicon carbide and alumina, as they are the hardest and strongest 
among the available reinforcements. Besides, they are also cheap, thermally stable and 
chemically inert [3]. One of the major driving forces for the technological development of 
aluminum-matrix composites reinforced with ceramic whiskers/fibers/particles is a result 
of the fact that these composites possess superior wear resistance and hence are potential 
candidate materials for a number of tribological applications. These include piston, brake 
drum, cylinder liners etc. in automobile components [4]. In comparison to aluminum, 
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magnesium is 35% lighter with a number of improved properties like excellent 
machinability, high strength to weight ratio and low densities and thus is poised to replace 
aluminum applications in near future. Despite the advantages offered by magnesium as 
matrix material over aluminium, the research on the tribological properties of magnesium 
based MMCs has been relatively limited compared to aluminium-based MMCs.  
            MMCs reinforced with ceramics face a number of problems such as poor 
wettability between ceramic particles leading to poor interfacial strength between matrix 
and reinforcement particles leading to debonding at particulate-matrix interfaces and as 
well as clustering of reinforcements [5]. In order to address these shortcomings, 
reinforcements that provide better particulate-matrix interfacial properties should be 
selected. Metallic particulates are one such, as the wettability is high because both the 
particulates and the matrix are metals. It has been shown earlier [6] that the metallic 
particulates also offer good interfacial bonding between matrix and reinforcement with no 
debonding effect and clustering of reinforcements. The purpose of this project is to 
investigate the tribological behavior of the magnesium-based metal matrix composites 
reinforced with three different types of metallic particles; namely, copper, titanium and 
nickel with varying volume fractions. The effects of load, sliding speed and particulate 
content on the wear performance are investigated using a laboratory pin-on-disc tester. 
             In Chapter 2, a literature survey of metal matrix composites and their tribological 
properties is presented, followed by the experimental details in Chapter 3. Wear data 
obtained from the wear testing are presented in Chapter 4, followed by the wear 
mechanisms as identified by SEM and EDX in Chapter 5. A detailed comparison of the 
composites is presented in Chapter 6. Finally the thesis ends with the main conclusions in 
Chapter 7 and a few recommendations for future work in Chapter 8. 
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                                                     CHAPTER 2 
                                              LITERATURE SURVEY 
 
            In today’s competitive world, composite materials have been widely used in 
various industrial applications. A composite is defined as a material synthesized by 
bonding two or more chemically distinct substances which are separated from one other by 
discernible interfaces for the attainment of properties both unique and superior than those 
of the original constituents [7]. The increase in demand for materials with superior 
mechanical properties and low density has led to the design and development of composite 
materials. Based on their matrix materials, the composite are classified as polymer matrix 
composites, ceramic matrix composites and metal matrix composites (MMCs). Among 
these three different types of composites, MMCs have been projected as potential 
materials in diverse applications where stiffness, strength, creep resistance or wear 
resistance with reasonable toughness is demanded in addition to lighter weight [8, 9]. A 
brief discussion based on the MMCs will be presented in the following section. 
2.1 Metal matrix composites 
            Metal matrix composite is one of the most actively studied subjects in the field of 
material science today. It has also been one of the key research subjects for the past two 
decades. MMCs have slowly replaced some of the conventional light-weight metallic 
alloys such as the various grade of aluminum alloys in applications where light weight and 
energy savings are important considerations and yet without sacrificing the strength of the 
components. In these MMCs, the good ductility of the metallic alloy as the matrix material 
is retained while the modulus and strength of the composites are increased as a result of 
reinforced phases [9-12]. Metal matrix composites also exhibit the ability to withstand 
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high tensile and compressive stresses by the transfer and distribution of the applied load 
from the matrix to the reinforcement phase. Metal matrix composites can be classified 
based on their reinforcement used. They are 
         1 Continuous reinforced composites. 
               2. Discontinuous reinforced composites  
            Continuous fiber reinforced MMCs are advanced engineering materials that are in 
use for both ambient and high temperature environments, particularly in high stiffness 
critical parts such as those required in the aerospace, transportation and space sectors [1, 
13]. These composites exhibit very high strength and modulus values in the fiber direction, 
and in case of multiple loading directions, the fibers can be aligned in the loading 
directions in order to resist the load. This type of MMCs have only found applications in 
the high end engineering sectors due to the cost of processing, complexity and high cost of 
reinforcement [14]. 
            Discontinuous fiber reinforced metal matrix composites (DRMMC), constituted of 
high-strength metallic alloys are advanced materials that have emerged from the essential 
need of lighter-weight, higher-performance components in the aerospace, aircraft and 
automotive industries. Their distinctive properties of high stiffness, high strength and low 
density have promoted an increasing number of applications [15-18].These composites 
have many salient advantages over continuous fiber composites due to availability of 
various forms of reinforcement at competitive costs and due to the availability of cost-
effective manufacturing processes. Some of the applications are tennis racket and heads of 
golf clubs, which are made of Al/SiCp composites, and automobile engine components, 
such as piston and connecting rod, which are made of Al/SiCw composites [19]. 
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            Fabrications of MMCs are broadly classified into two categories: Solid state and 
liquid state processes. Among these processes, conventional casting and powder 
metallurgy routes are widely used for the fabrication of MMCs. Powder metallurgy route 
is a solid state process that is most commonly used for fabricating metal-ceramic and 
metal-metal matrix composites. In this process, by the rapid solidification technology, the 
matrix alloy is produced in a pre-alloyed powder rather than using elemental blends. After 
blending the powder with reinforcement particulates, cold isostatic pressing is done to 
produce green compact and is degassed thoroughly followed by extrusion or forging [20]. 
Apart from number of advantages like wider selection of reinforcement and allowing the 
usage of non-equilibrium alloys as matrix, it has other advantages like long time 
processing, high cost and high level of cleanliness makes this powder metallurgy route 
still limited to low and high volume performance applications [21]. On the other hand, 
conventional casting is a liquid state process that is widely used than powder metallurgy 
because of the cost and simplicity advantages in processing. In casting process, the 
metallic/ ceramic particulates are incorporated into a molten metallic matrix using 
proprietary techniques, followed by mixing and casting of the resulting composite slurry.     
 
2.2 Advantages of MMCs: 
       MMCs have several advantages over their unreinforced counterpart. They are  
1. High elastic modulus 
2. Good thermal shock resistance 
3. High surface durability  
4. High thermal and electrical conductivity 
5. Greater strength to weight ratio  
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6. Superior yield and ultimate tensile strength 
7. Longer fatigue life 
8. Higher stiffness 
9. Lower susceptibility to chemical attack 
10. Improved performance at high temperatures 
11. Good wear resistance 
           There are different types of MMCs currently under various stages of development 
in tribological applications. Among them those based on aluminium and magnesium 
matrices reinforced with ceramic particulates are of great interest in various engineering 
applications. Aluminum and its alloy have been the major area of interest both in research 
and development as well as in various applications. This may be attributed to the low 
weight which is the first and foremost requirements in most of the applications of metal 
matrix composites. In addition, it is inexpensive in comparison to other light weight metals 
such as titanium and magnesium. Aluminum alloys are used widely in a number of 
applications as it fulfills the basic requirements like excellent strength, ductility, corrosion 
résistance and high strength to weight ratio.  The main problem that restricts the use of 
these alloys, especially in wear related applications is their relatively low wear resistance. 
Since the wear resistance of engineering materials depends on the ability of the second 
phase to prevent penetration of abrasive grains [22],reinforcing of aluminum and its alloys 
with hard second phase particles and /or whiskers and /or fibers have been widely studied 
to offer a solution to wear problem. In comparison to aluminium, magnesium has very low 
density of 1.79g/cm3, which is approximately two third that of aluminum and one-fifth of 
steel which makes it attractive for applications where weight reduction is critical [23]. 
Magnesium also has a number of other desirable features including good ductility, better 
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 damping characteristics and machinability than aluminum and excellent castability [24]. 
Apart from these advantages, magnesium has higher stiffness-to-weight ratio and 
wettability to carbide reinforcement which makes it a better matrix material for the 
development of MMCs. A detailed discussion of both aluminium-based and magnesium-
based MMCs will be presented in the following sections.   
2.3 Aluminium-based metal matrix composites 
           The reinforcement of aluminium and its alloys with ceramic particles lead to a new 
generation of tailor- made engineering materials with higher properties to weight ratio [25, 
26]. Al-based MMCs reinforced with a ceramic particulates are potentially attractive for 
aerospace, automotive and other structural applications because their physical and 
mechanical properties can combine those of metals (e.g., high ductility, toughness and 
thermal conductivity) with those of ceramics (e.g.,  high modulus and high strength) [9]. 
Aluminium-based MMCs are gaining further importance as their potential for wear 
resistance becomes established. It is generally well known that reinforcements consisting 
of hard ceramic particles, fibers or whiskers in ductile metallic matrices produce 
composites with significantly higher stiffness and yield strength compared with the 
unreinforced matrix alloys [27]. Aluminium based metal matrix composites are thus well 
known for their high specific strength, stiffness and hardness. 
            The different type of particulates considered for inclusion in aluminum based 
MMCs are SiC, TiC, Al203, TiB2 etc. Among this group of hard ceramic particulates, SiCp 
particles are widely used because of its excellent compatibility with the aluminium matrix 
[28] and as well as low cost [9]. Earlier investigation made so far revealed that the addition 
of ceramic particulates has resulted in increased hardness and strength [29] along with 
good wear resistance. Due to the good wear properties they have become potential 
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candidate materials for a number of tribological applications in automobiles as pistons, 
brake rotors, calipers, connecting rods and cylinder liners [4]. Different types of 
particulates along with the processing techniques and properties are presented in the Table 
2.3 [1, 9, 30-32]. 
Table 2.3 Different type of particulates along with their processing techniques and  
               Properties 
 
Particulates       Processing techniques                          Improved properties 
Silicon carbide  Powder metallurgy and solidification  
process 
Increased strength, 
stiffness, Good tensile 
strength, improved 
fatigue resistance 




Titanium carbide              Powder metallurgy Improved fatigue 
properties 
Corundum              Powder metallurgy Improved hardness 
 
2.4 Magnesium-based metal matrix composites  
            Among the reinforced metallic materials, magnesium-based composites are being 
the strong candidates for light weight structural application because of their high specific 
stiffness and specific strength, good dimensional stability, high damping capacity and 
good elevated temperature creep properties [21, 33, 34]. A recent industrial review 
revealed that there are 60 different types of components, from instrument panels to engine 
components, in which magnesium is used or is developed for use. The use of Magnesium 
in automobile parts is predicted to increase globally at an average rate of 15% per 
year.[35] Mg alloy due to their good casting properties and high specific buckling 
resistance are attractive materials for use in aircraft industries [36]. The development of 
these high strength alloys and the interest in low density composites based on these alloys 
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has resulted in the growth of research activities on Mg alloy based MMCs for a variety of 
advanced engineering applications and automotive industries [37,38]. The major 
disadvantage of Mg-based MMCs includes limited formability and corrosion resistance 
[39]. The selection of the reinforcement compatible with the magnesium matrix remains 
the critical factor in determining the best properties from the resultant composite. Despite 
the advantages offered by magnesium as matrix material over Al, the research focused on 
magnesium-based MMCs has been relatively limited when compared to Al based MMCs. 
Earlier investigations conducted so far revealed that the potential of magnesium-based 
MMCs which when reinforced with either particles or fibers exhibit significant mechanical 
properties such as increased stiffness and failure strength along with good wear resistance 
[40-43]. Recent investigations on pure magnesium and magnesium alloys with SiC as the 
reinforcement phase resulted in limited success of improving the mechanical properties, 
especially the strength [21, 33, 34]. Other investigations [9, 30, 33, 44] based on different 
particulate reinforcement along with the processing techniques are presented in Table 2.4.  
Table 2.4 Different type of particulates along with their processing techniques and  
               Properties 
 
Particulates  Processing techniques  Improved properties 





damping capacity and 
creep resistance 
Yttria Infiltration process 
followed by extrusion 
Good tensile properties  
Boron carbide Inert gas atomization Improved mechanical 
properties 
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2.5 Mechanical properties of Metal Matrix Composites 
            Mechanical properties of the metal matrix composites play a vital role in 
determining the tribological behavior. In MMCs, the mechanical properties mainly depend 
on the amount, size, shape and distribution of the dispersed particulates or dispersoid 
present in the matrix. In addition the mechanical properties greatly depend on the nature of 
the interface between the particles and the matrix [45]. The structure and properties of the 
reinforcement/matrix interface largely controls the mechanical properties of MMCs. It is 
believed that strong interface permits transfer and distribution of the load from the matrix 
to the reinforcement, resulting in an increased elastic modulus and strength. The nature of 
interface depends on the matrix composition, the nature of the surface of the reinforcement 
and the fabrication method of composite [46, 47].  Two major types of interaction occur at 
the interface between a solid and liquid phase: (a) physical and (b) chemical. Physical 
interactions determine the wettability of non-reactive liquids water and organic which 
have tens of J/m2 as surface energies. However chemical interactions are dominant in 
reactive systems where liquid phases have several J/m2 as surface energies and provide 
most of the bonding energy [48]. An intimate contact between the reinforcement and the 
matrix needs to be established through satisfactory wetting of the reinforcement by the 
matrix to ensure adequate adhesion and the rate of chemical reaction at the interface 
should be very low and extensive inter-diffusion between the component phases should be 
avoided so that the reinforcement will not be degraded [49-51]. From a mechanical point 
of view, the interface plays a significant role in controlling the strength of composites. The 
normal component of interfacial stresses would tend to cause interface debonding, while 
the shear component could be the cause of splitting of phase boundaries [46].The surface 
damage due to wear occurs by the crack propagating in the heavily deformed subsurface 
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region and propagates to the surface releasing debris. Therefore deformation and fracture 
behavior both under uniaxial and triaxial load assumes greater importance in the context of 
tribological response. 
            Metal matrix composites are reinforced with both hard and soft particles. 
Investigation made by Roy [29] et al. has reported that the hard particles reinforced in the 
matrix improve mechanical properties. It was observed that by dispersing the SiC, B4C, 
TiC or TiB2 particles in the aluminum matrix, the strength of aluminum increases 
significantly. Other earlier finding revealed the fact that the addition of soft particles like 
graphite to the matrix resulted in decreasing the strength of the base alloy [52]. It has been 
found that the fracture toughness of the particulate composites generally decreases with an 
increase in volume fraction of particulates [53]. High composite hardness can be attained 
by the use of a sufficiently high volume fraction of the reinforcement phase [9]. Hardness 
and strength are the two factors which are found to have the major role to play in 
determining the tribological behavior of the composites. In conclusion, mechanical 
properties like hardness, strength, UTS, yield strength are essential in determining the 
tribological properties of the composites  
2.6 Tribology of particulate reinforced metal matrix composites 
          Tribology can be defined as ‘the science and technology of interacting surfaces in 
relative motion’, and embraces the study of friction, wear and lubrication [22]. In which, 
wear is a complex subject with no absolute model that is applicable to all situations. Wear 
is defined as a surface damage or removal of material from one or both of two solid 
surfaces in a sliding, rolling or impact motion relative to one another [54]. It is a serious 
problem in many engineering applications such as bearing, moving parts, engine parts etc. 
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Wear though it is a surface phenomenon it can destroy the functioning of the 
working/engineering parts. It can also result in structural failure by reducing fine 
tolerances and destroying surface finish which eventually lead to the early replacement of 
the components. It is well known fact that wear is not an intrinsic property of a material 
but it depends on the overall conditions of the tribological system which includes loading 
conditions, hardness, dimensions, shape and roughness of the counter-body; sliding speed 
and environment [55].To design and select materials for tribological system it is essential 
to understand the relations between the material properties and its wear behavior .During 
tribological interaction between the two mating surfaces, there is a significant rise in 
temperature at and near the surface, and the mechanical properties of the composites at 
elevated temperatures may be of greater importance. MMCs containing hard particles 
dispersed in the matrix are helpful in retaining high temperature strength of the matrix 
[56].In addition; the loss of strength due to dynamic crystallization is counteracted by the 
presence of particles. This superior mechanical property of the MMCs is thus believed to 
have good wear properties. To understand the wear behavior of different composite 
materials wear test are often carried out with suitable wear testing techniques To get better 
understanding about the wear properties it is essential to understand the factors 
significantly influencing the wear rates of the composites namely second phase particle 
dimension, inter particle spacing and particle/matrix interfacial bond strength [57]. The 
loss of material from the surface of a solid, or wear is extremely important. In order to 
reduce wear, it is essential to understand the mechanism by which it occurs. Certain well-
recognized mechanisms account for wear includes abrasion, adhesion, corrosion, 
oxidation, erosion, and cavitation. A few mechanisms will be discussed in detail as 
follows 
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2.6.1 Adhesive wear 
            Adhesive wear occurs when two nominally flat solid bodies are in sliding contact, 
whether lubricated or not. Adhesion occurs at the asperity contacts at the interface and 
these contacts are sheared by sliding, which may result in detachment of a fragment from 
one surface and attachment to the other surface. As the sliding continues, the transferred 
fragments may come off the surface on which they are transferred and be transferred back 
to the original surface, or else form loose wear particles [54]. 
            Adhesive wear depends not only on the materials in contact but also on 
temperature. With increasing temperature a greater amount of adhesive (wear) transfer 
have been found to occurr. Adhesive wear is strongly influenced by mechanical 
parameters such as load and rate of motion, for surfaces in solid state contact. This is 
understandable because change in parameters results in the quantum of interfacial energy 
[58]. 
           Archard’s adhesive wear model [59] is given by the 
                                                 W = k Lv                                                                          2.1 
                                                           H  
     
    W= Wear rate (m/s3)                                    
     H = Hardness of the surface (N/m2). 
     v = Sliding velocity (m/s) 
      L = Normal force (N). 
      k = A proportionality constant (dimensionless) 
            The adhesive wear mechanism may be the only mechanism in which there may be 
some correspondence between co-efficient of friction and the wear rate for metals since 
the same adhesion factors affect friction and wear. 
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2.6.2 Abrasive wear 
            Abrasive wear occurs when asperities of a rough hard surface or hard particles 
slide on a softer surface and damage the interface by plastic deformation or fracture [54]. 
There are two general situations for abrasive wear: two body abrasion and three body 
abrasion.  
            Two body abrasive wear occurs when two surfaces are brought into contact and 
one of the two surfaces is considerably harder than the other. When free particles of the 
harder material are generated and imposed at the interface between the two surfaces, these 
particles can cut into and remove material from the softer surface. Three body abrasion 
wear occurs when a third particle harder than one or both of the surfaces in contact 
becomes trapped in the interface. This particle can then remove material from one or both 
surfaces. In three body abrasion the size of the abrasive grit particle is important to the 
abrasive wear experienced by the surface undergoing wear. Mechanisms of abrasive wear 
can involve both plastic flow and brittle fracture [22]. Material removal from the surface 
via plastic deformation occurs by three modes namely ploughing, wedge formation and 
cutting. In ploughing series of grooves are formed on the softer surface with materials 
being continuously displaced to the sides of grooves forming ridges, which might 
eventually flatten and break after repeated sliding. In wedge formation, an abrasive tip 
ploughs a groove and develops a wedge on its front. In cutting mode, grooves are 
ploughed with material being removed in the form of ribbon-shaped debris particles and 
less material is displaced to the side of the grooves as compared to ploughing [54].  
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Archard’s abrasive wear model [59] is given by  
                         W = K. Lv. B                                                                                            2.2 
                                        H 
    W = Wear rate (m/S3) 
   L = Normal force (N) 
   H= Hardness of the softer surface (N/m2) 
   v= Sliding velocity (m/s) 
   K= Proportionality constant (dimensionless) 
  B = 2 cot θ / π 
 
 2.6.3 Oxidation wear 
           Oxidation wear is caused during sliding between two mating surfaces where the 
frictional heating increases the contact temperature. If the sliding velocity is high enough, 
the flash temperature at the contacting asperities may induce their oxidation. Under these 
conditions when the oxide reaches a certain critical thickness, it breaks producing wear 
fragment [60]. Oxidation wear is found to be dependent on the ability of the wearing 
material to undergo oxidation and also depends on the availability of oxygen in the 
immediate vicinity of the sliding contact [61]. The requirement for the sliding /rubbed 
surface to maintain oxidation wear is that the sliding surfaces should have enough strength 
at elevated temperature at which the oxide film is formed on the real contact area. The 
substrate underneath the film should also be strong enough to prevent plastic shearing. 
When the material underneath the oxide film is softened by high flash temperature and 
undergoes massive plastic shearing severe wear is expected to occur. Under this condition,  
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either the normal load or the sliding speed is increased; the wear immediately becomes a 
severe condition [62]. 
2.6.4 Delamination wear 
            Delamination wear was reported to have occurred by the following steps [63].  
1. Transmission of forces and cyclic plastic deformation of surface layers by 
normal and tangential loads. 
2.  Crack nucleation in the deformed layers at inclusions or second phase 
particles. 
3. Crack propagation nearly parallel to the surface. 
4. Separation of wear sheet resulting in the formation of thin, long wear debris 
particles due to the extension of cracks to the surface. 
            It was observed that the rate-determining mechanism of wear showed dependence 
on the metallurgical structure. When subsurface deformation controlled the wear rate, 
hardness and fracture toughness were considered to be major influencing factors. 
           Observation made on microstructures containing hard second phase particles 
revealed that if sufficient plastic deformation occurred during sliding wear, crack 
nucleation was favored at these particles. Crack propagation controlled the wear rate as the 
inter-particle spacing is an important variable in this observation. Void formation was due 
to the plastic flow of the matrix around these hard particles. Void formation occurred very 
readily around the hard particles but crack propagation occurred very slowly. The depth at 
which the void nucleation was initiated and the void size intended to increase with 
increased friction coefficient and applied load [64]. Earlier investigation on crack 
nucleation at particle/matrix interfaces reported that the following conditions presented 
below were necessary for crack nucleation [65]. 
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1. Tensile stress across the interface should exceed the interfacial bond strength. 
2. Elastic strain energy released upon decohesion of the interface should be sufficient 
to account for the surface energy of the crack created. 
2.6.5 Melt wear 
            Melt wear is caused by gross material transfer, due to severe plastic deformation or 
ejection of the melt [66]. Melt wear is observed to be caused by frictional heating at the 
sliding interface. When sliding speed and applied load reach certain thresholds, flash 
temperatures at contacting asperities exceeds the melting point of the matrix, thus 
increasing bulk temperature and causing gradual softening of the matrix. Further, 
continued sliding would raise temperature further leading to melting. Thermo chemically 
driven to react, chemical reactions causing reduction in mechanical strength of the sliding 
material influence the friction and wear of the material [67]. Thermal conductivity and the 
melting point of the materials are two important factors to prevent melting in severe 
sliding conditions.  
            The principal tribological parameters that control the friction and wear 
performance of reinforced composites can be classified into two categories [68]. 
a) Mechanical and physical factors (extrinsic to the material undergoing 
surface interaction) e.g. sliding velocity, sliding distance and the applied 
load. 
b) Material factors (intrinsic to the material undergoing surface interaction) 
e.g. the reinforcement type, the reinforcement size, the reinforcement shape 
and the reinforcement volume fraction 
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2.7 Mechanical and physical factors 
2.7.1 Effects of applied load 
           Alphas and Zhang [69, 70] investigated the dry sliding behavior of cast Al-Si alloys 
reinforced with SiC particles under different applied loads (0.9-350N) and identified three 
different wear regimes. In this study, the wear behavior of an A356 alloy reinforced with 
20 vol% SiCp was compared to that of unreinforced alloy. It was observed that increasing 
the SiC volume fraction increased the transition load; a transition load of approximately 
0.9N for A356 -10% SiC and 17N for A356-20% SiC. Lim et al. [71] investigated the dry 
sliding wear of A356 reinforced with varying volume fractions(10, 15,and 20%) of SiCp 
under different applied loads in the range of 15-50N. Similar wear transition as reported 
by Alphas and Zhang was observed in this study thereby confirming the relationship 
between applied load and wear transition. Another study on dry sliding wear of 
magnesium alloy composite [72] reinforced with varying volume fraction of feldspar 
content (1%, 3% and 5%) with an applied load range of 20-80N observed that increase in 
feldspar content increased the transition load; for 100rpm speed, the unreinforced alloy 
showed transition from mild to severe wear at a load of 40N, while the 1% and 3% particle 
reinforced composites showed transition at 60N, and the same was observed at a load of 
80N incase of 5% reinforced composite. It was concluded that the volume fraction of the 
particle content played a vital role in preventing the transition from mild to severe wear. 
Other investigation on Al based MMCs reinforced with garnet particles also supports the 
previous observations [73]. Another study by Zhang and Alpas [74] on the dry sliding 
wear of Al 6061 alloy reinforced with 20 vol. % Al2O3 with the load range limited to 350N 
showed that the transitional load from Regime I to II was higher for composites containing 
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alumina particles than with SiCp. It was concluded that this may be due to higher fracture 
toughness inherent in these particles or higher matrix-reinforcement interfacial bond 
strength. Dry sliding wear of Al-22 % Si alloy with the addition of alumina fibers 
investigated by Moustafa [75] et al. observed that the transitional load between mild and 
severe wear increased by more than a factor of three.  
2.7.2 Effects of sliding speed 
            The wear studies on engineering materials are concerned with the effects of load 
on the wear behavior giving a lesser importance to the effects of sliding speed. A few 
number of investigations made on sliding speed are discussed in the following section. 
Subramanian [76] investigated the wear behavior of Al-12.3wt % Si alloy as a function of 
sliding speed under unlubricated conditions using pin- on ring wear testing machine. It 
was observed that the wear rate of the alloy decreased with increasing sliding speed up to 
a critical level, beyond which it increased. The critical speed was dependent on the applied 
load, thermal diffusivity and hardness of the wear surfaces. The temperature due to 
frictional heating exhibited an increase with increasing sliding speed. The rate of increase 
in temperature above the critical speed was greater than below this value. With increase in 
sliding speed, the wear mechanism also changes with a change in wear debris morphology 
changing from equiaxed wear particles to delamination of compacted particle and finally 
delaminated as flakes. 
                  It was concluded that at low speeds, the increase in strain rate results in 
increasing hardness or flow strength. This increase in flow strength reduced the true area 
of contact leading to low wear rates. However with high speeds, the increase in 
temperature due to frictional heating softened the material, increasing the true area of 
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contact  with no oxidation resulting in high wear rates. Below the critical speed, the strain 
rate effect is more predominant than the temperature effect. Above the critical speed, the 
temperature effect was observed to be the dominating factor. 
           Dry sliding wear behavior of an Al 7091 [77] alloy reinforced with SiCp and SiCw 
was investigated as a function of sliding velocity. At the sliding velocities less than 
1.2m/s, the unreinforced and reinforced alloy exhibited similar wear rates. The SiC 
reinforcement did not appear to influence the wear rate. The dominant wear mechanism 
observed was fatigue related surface cracking. Wear debris obtained was small, dark and 
predominantly metallic and the wear surface was covered with a tribolayer. At sliding 
velocities greater than 1.2m/s, the reinforced material exhibited better wear resistance than 
the unreinforced alloy. Transition in the wear process occurred, which was associated with 
the breakdown of tribolayer, with wear being controlled by subsurface cracking assisted 
adhesive transfer and by abrasion. In steady state sliding conditions, the composites 
showed better wear resistance, but the choice of reinforcement type had no influence on 
the wear rate of the composite. Kwok [78] et al. observed the adhesive wear behavior of 
the composite Al-4.5Cu-15 vol% SiCp as a function of sliding speed and applied load. At 
sliding speed of ~ 5m/s, under the load of < 50N, the main mechanisms identified was a 
combination of abrasive, melt and delamination wear.  For sliding conditions associated 
with a speed of 5m/s with 50N load, the main mechanism observed was severe adhesive 
wear, which resulted in significant amount of composite material transfer onto to the steel 
disc. At sliding speeds >10m/s, melt wear was reported to be the predominant wear 
mechanism. This increasing sliding speed would raise the temperature resulting in the 
formation of molten matrix material due to melting. Molten materials are transferred onto 
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the steel disc as small lumps during sliding. The surface of the worn MMCs, in this 
observation was characterized by a dense layer of compacted SiC particles. Similar wear 
transition with sliding speed was reported by park et al. [79] in the sliding wear of an 
Al6061 alloy reinforced with SiCw and SiCf. In the present study, the sliding speed is 
limited to the range of 0.08-1.98m/s. It was observed that at low sliding speeds of 0.08m/s, 
the wear of the material proceeded with the removal of material by fracture of the matrix 
and reinforcement due to high frictional forces whereas at an intermediate sliding speed of 
0.94m/s, the wear mechanism observed was the formation of microgrooves. The wear rate 
was reduced in this sliding condition. These micro grooves were observed to be formed in 
the fractured region of the reinforcement and matrix. It was also observed that the two 
mechanisms which were predominant at low and intermediate sliding speeds are adhesive 
and abrasive wear. At high sliding speeds of 1.98m/s, the localized melting on the wear 
surface was identified. Other investigation made by Pramila bai and Biswas [80] on the 
dry sliding wear behavior of aluminium alloys containing 4-24wt% Si in the speed range 
0.19-0.94m/s and concluded that the wear rate was insensitive to variation in sliding speed 
over the pressure range of 0.1-1.7Mpa. A more or less similar conclusion was arrived by 
Andrew et al. after testing Al- (17-26) wt %Si alloy in the speed range 1.6-4 m/s. Thus 
different individual studies have concentrated on small speed ranges and consequently 
have drawn contradictory conclusions.  
2.8 Material factors 
            While considering the material factors such as volume fraction, type of 
reinforcement and size of reinforcement, the volume fraction of the reinforcement has the 
strongest effect on the wear resistance. T. Mijajima and Iwai [81-83] investigated the 
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effect of volume fraction of whiskers and short fibers on wear rates in the initial and 
steady state wear regimes. It was observed the wear resistance of MMCs improved with an 
increase of volume fraction for each kind of reinforcement. However, the variations of the 
wear rates of MMCs as functions of volume fraction are affected by the shape and size of 
whiskers, fibers and particles used for reinforcement. In addition, for effective volume 
fraction, at which the wear rate reaches its minimum value, are different depending on the 
kind of reinforcement and matrix material as well as on sliding conditions. Therefore, 
selecting the type of reinforcement and volume fraction that would give optimum wear 
properties becomes difficult. However, the studies on the effect of reinforcement type on 
the wear properties of MMCs are limited. Wang and  Rack [77]observed that for 20 vol% 
Si particles vs 20 vol% Si whiskers oriented in parallel or perpendicular direction , the 
steady state wear rates of the composites were generally independent of the reinforcement 
geometry and orientation except for 3.6m/s speed where the parallel oriented SiC whisker 
composite wear rate was superior. It was observed that an increase of hard ceramic 
reinforcement volume fraction improves the wear performance of aluminium composites 
during abrasion, fretting and sliding up to approximately 20 vol% except under some 
conditions in which the wear rate for reinforced and unreinforced are similar. Anand and 
Kishore [32] observed the wear performance improvement by natural alumina 
incorporation in an Al-10 wt% Zn up to 30 wt%, whereas the wear rate increases above         
35 wt%. It was stated that the deterioration of wear resistance above this level was due to 
the fact that the reinforcement matrix interfacial area, which is the region of weaker 
cohesion and large stress concentration, became excessive above 35 wt% of 
reinforcement, optimum reinforcement content value being in the range of 25-35 wt%. 
Delamination wear mechanism was observed in composites with reinforcement greater 
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than 15wt%. Chang and Hwang [84] observed the effect of reinforcement particle size and 
volume fraction on the dry sliding wear resistance of Al/SiCp composites. In this study, 
commercial pure Al was used as the matrix and the reinforced phase was SiCp with 
varying size fractions: 2-5, 15-25, and 70-85µm. The content of the SiC particles was 
varied from 10-30%. The composites were found to have better wear resistance than the 
unreinforced matrix.  For a constant size fraction of SiC particles the wear resistance 
increased with increase in SiC content. It was also reported that for a fixed volume 
fraction content of SiC particles, MMCs containing the coarser particles showed better 
wear resistance. Delamination wear was considered as the predominant mechanism. The 
coarser particles were observed to provide greater resistance to propagation of subsurface 
cracks when compared to fine SiC particles. It was argued that only deep subsurface 
cracks could detach thicker Al layer which contain coarse SiC particles, this large SiC 
particles blocks the subsurface crack propagation leading to enhance wear resistance. The 
above study is particularly interesting and significant because the aluminium as the matrix 
prevented the effect of aging, interfacial segregation of alloying elements and the 
formation of interfacial compounds. With reference to dry sliding wear of Al alloy –SiCp 
composite investigated by Modi et al. [85], it was observed that the composites reinforced 
with SiC particulate addition exhibited superior wear resistance than that of silicon carbide 
fibers. This was attributed to the fact that SiC fibers have poor interfacial bonding that 
promoted dispersoid pull-out, leading to void formation which is the higher probability of 
crack nucleation leading to delamination of the surface.  The superior wear and seizure 
resistance exhibited by SiC particulate addition is due to the fact that reinforcement phases 
reduced the area fraction of the matrix in contact with the counterface which leads to 
relatively smaller temperature increment at the sliding surface of the composite compared 
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to that of alloy. It was concluded that the reinforcement matrix interfacial strength and the 
dispersoid shape both greatly influenced the composite wear rate.  In a recent study, the 
effect of three different reinforcement, SiCw, Al2O3- fibers and SiCp on Al alloy composite 
was investigated [86]. It is observed that the degree of improvement of wear resistance of 
MMC is strongly dependent on the kind of reinforcement as well as its volume fraction. 
The reinforcement effectively prevented the initial severe wear and both fibers and 
particles are more effective in this respect than whiskers. The steady state wear rate of 
MMCs decreased with increasing volume fraction. However for MMCf, the wear rate 
increased above certain values of volume fraction of fibers. It was concluded from the 
above investigation that the particles are most beneficial for improving the wear resistance 
of MMCs.    
2.9 Abrasive conditions 
             MMCs reinforced with fibers, whiskers and particles were investigated under 
varying abrasive wear conditions. Kassim [87] et al. conducted the two-body abrasive tests 
on aluminium matrix composites reinforced with up to 20 vol % of silicon carbide 
particles. The tests were carried out against silicon carbide and alumina abrasives with 
four different grit sizes. The reinforcement of aluminium matrix with SiC particles 
improved the abrasion resistance of all the composites tested against all the abrasive used. 
The highest abrasion resistance of the composites was found against both abrasives of 
20µm. The wear resistance of the composites containing 20 vol % SiCp reinforcement, 
when abraded against SiC abrasives, the improvement in abrasion resistance was three 
times more than that of the aluminium matrix. On the other hand against Al2O3, the same 
volume fraction of silicon carbide reinforcement increased the abrasion resistance with a 
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factor of around six. The benefit of SiCp reinforcement is less in reducing the abrasive 
wear against hard abrasives with large grit sizes. The abrasion resistance of the composites 
increased with increasing volume fraction of SiCp particles. It is also observed that at 
constant volume fraction of SiC particle reinforcement, the abrasion resistance increased 
with an increase in the reinforcement size. The improvement imparted by the SiCp 
reinforcement was observed to be higher against alumina than SiC abrasives for all the 
grits tested. This is due to geometry and hardness of the abrasives used, where the 
hardness of the Al2O3 is lower than that of SiC. This better wear resistance may be 
attributed to the better protection to the matrix from large reinforcements against abrading 
particles. 
            M. Singh [88] studied the two body abrasive wear behavior of the cast aluminium 
alloy and aluminium alloy-10 wt% sillimanite particle composite at different applied loads 
and abrasive sizes for different sliding conditions. It was observed that the wear rate 
decreased with increasing sliding distance and approached to a stable value, which may be 
due to work hardening of the wear surface, clogging, attrition and shelling of abrasive 
particles. But the wear rate is found to increase with increase in both abrasive size and the 
applied load irrespective of the materials. Wear resistance of the composites was superior 
to that of matrix alloy for finer size abrasives at lower loads. For coarser abrasives, it was 
observed that the composites suffer from higher wear rate than the alloy beyond a critical 
applied load. This is because at higher applied load, the coarser abrasive size particles, 
produced larger stresses which led to subsurface deformation, generation and growth of 
surface and subsurface cracks. Accumulation of these cracks leads to fracture and 
fragmentation of flakes and delamination of the material leading to inferior wear 
resistance.  
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2.10 Scope of the research interest 
            Investigations made so far on magnesium-based MMCs have been on those 
reinforced with non-metallic or ceramic particulates. Due to the very different natures of 
matrix and reinforcement, these types of MMCs are limited in terms of interfacial bonding 
between matrix and reinforcement and wettability, and have been found to exhibit 
clustering and debonding [70]. No investigation has been made so far to use the more 
compatible metallic reinforcements to improve the properties of pure magnesium and 
magnesium alloys. In the present study, attempts have been made to study the tribological 
properties of the magnesium-based MMCs reinforced with metallic particulates namely 
copper, nickel and titanium fabricated by the disintegrated metal deposition technique, a 
modified casting method. The main tasks of this project includes the investigation on the 
sliding conditions which includes sliding speed and applied load,  effect of particle content 
on wear rate and identification of dominant wear mechanisms under each sliding 
conditions. 
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                                                              CHAPTER 3 
                                        EXPERIMENTAL DETAILS 
 
3.1 Materials 
             In the present investigation, four different groups of specimens; namely, pure 
magnesium, magnesium-nickel (Ni), magnesium-copper (Cu), and magnesium-titanium 
(Ti) denoted as Mg, Mg-Nip, Mg-Cup and Mg-Tip were tested under dry sliding conditions. 
Pure magnesium and magnesium-based composites were fabricated in an earlier project 
using the disintegrated melt deposition technique followed by hot extrusion [3].  Some 
details of the fabrication techniques and microstructural characterization taken from the 
earlier work are presented as follows. 
3.1.1 Raw Materials  
            Magnesium turnings of 99.9 + % purity were used as the base material. The 
copper, nickel and titanium particulates used as reinforcement were all of 99 % purity with 
sizes 9+ 2, 29 + 19, and 19 + 10µm respectively. 
3.1.2 Processing technique 
            The disintegrated melt deposition technique (DMD) was used in the synthesis of 
both pure Mg and its composites. The schematic diagram of the technique is shown in the 
Figure 3.1.2. This technique is similar to one of the traditional casting processes especially 
the spray deposition process. The DMD route is a modification of conventional spray 
techniques and integrates the dispersion process where the reinforcement and molten 
matrix is mixed by vortex stirring and then disintegrated by jets of inert gas such as argon. 
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It offers finer grain size, low segregation of the reinforcement and as well as low cost of 
the composite [89]   
          The DMD fabrication involved the superheating to 750oC of magnesium turnings 
placed in a graphite crucible, with the reinforcement particulates (for the composites) 
placed in multilayer sandwich manner under inert gas atmosphere. Upon reaching the 
superheat temperature, the molten slurry was stirred with a ZIRTEX 25 coated mild steel 
impeller to facilitate the incorporation and uniform distribution of reinforcement 
particulates in the metallic matrix. The melt was then released through an orifice at the 
base of the crucible and was disintegrated by two jets of argon gas located close to the 
pouring point and oriented normal to the melt stream. The disintegrated composite melt 
slurry was subsequently deposited onto a metallic substrate located below the 
disintegration point and an ingot of 40mm diameter was obtained. The deposited 
monolithic and reinforced magnesium ingots were machined to a diameter of 36mm 
diameter and hot extruded on a hydraulic press. Rods of 8mm diameter were obtained 
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3.1.3 Material characterization 
            In the earlier project [3], density measurements based on Archimedes’s principle 
were performed on polished samples of monolithic and particulate reinforced composites. 
SEM observations indicate uniform reinforcement distribution, good reinforcement-matrix 
interfacial integrity, minimal porosity and minimal/no discernible reaction product 
between reinforcement and matrix material. Tensile tests were conducted on round 
specimens and as well as macrohardness test was performed in accordance with ASTM E 
18-94 standard. Some mechanical properties of the pin materials used in this project are 
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    Table 3.1.3 Selected properties of pin materials used in this project [3] 
Specimen Elastic  
Modulus   
   (Gpa) 
0.2% Yield  
    strength  
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3.2. Experimental set up 
                   The apparatus and other materials used in this work include: 
1. Pin-on-disc wear tester with rotating tool steel disc AISI-01, oil hardened to 
63HRC. 
2.  Temperature and relative humidity recorder 
3. Electronic balance 
4. Stop watch 
5. Abrasive SiC papers  (320 and 600grit) 
6. Cotton wool 
7. Alcohol  
8. Brush for collecting debris 
9. Carbon tape and paper containers for collecting and preserving wear debris 
10. F or G Clamp to hold the stand of the wear tester 
11. Gloves, ear plugs and plastic bags, scissors. 
12. Permanent marker. 
3.2.1     Pin-on-Disc Wear Tester 
             The pin-on-disc wear tester (Figure 3.2.1(a)) was modified from a Jeanwirtz 
Phoneix 3 polishing machine, which gives rotational speed in steps of 50rpm up to a 
maximum of 1000 rpm. The schematic diagram of the pin-on-disc tester is presented in 
Figure 3.2.1. The disc of the polishing machine is made of AISI-01 tool-steel, oil hardened 
to 63HRC, diameter of 250mm and weighing 5.25kg. A pin holder is used to secure the 
pin during sliding. The pin holder is locked into the friction arm of the stand assembly 
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which is firmly secured onto the table using G or F-clamp. This prevents unnecessary 
vibrations and shifting of the stand assembly during experiment.  
 
         
                       Figure 3.2.1 Schematic diagram of pin-on disc wear tester 
               




                                                                                        Chapter 3 Experimental details 
 
                                                                                    
 34
3.2.2 Electronic balance 
           This balance has an accuracy of +0.0001gm and it is used to measure the mass of 
the pin before and after each run.                                                            
3.2.3 Temperature and Relative humidity recorder 
           This equipment is placed close to the wear tester to measure the temperature and 
relative humidity of the room in which the experiment is conducted. Temperature and 
relative humidity are usually maintained between 20-230C and 52-65% respectively.                           
3.3 Experimental conditions  
            The four different specimens were tested at sliding speeds of 0.5,1, 2 and 5m/s 
under two different loads of 10 and 30N. For each pair of load and speed, a total of ten, 3-
min tests were carried out. Wear track radius of the disc was maintained at 9.55 cm for 
different sliding speeds of 0.5, 1, 2 and 5m/s for which the angular velocity is adjusted to 
50, 100, 200 and 500 rpm respectively. A total of 78 sets of experiments were conducted 
as summarized in Table 3.3 
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                                         Table 3.3 Summary on scope of project  
      Specimen           Load 10N                                      Load 30N 
 Sliding speed 
        (m/s) 
  
0.5    1    2   5     7   0.5   1   2   5 7 
Mg  *  *   *  *   -  *  *  *  *   - 
Mg/1.5vol%Ni  *  *   -   *   -  *  *  -  *   - 
Mg/3.1vol%Ni  *  *   *  *   *  *  *  *  *  * 
Mg/6.1vol%Ni *  *   -  *   -  *  *  -  *   - 
Mg/2.1vol%Cu *  *   *  *   -  *  *  *   *   - 
Mg/4.1vol%Cu *  *   *  *   -  *  *  *  *   - 
Mg/6.6vol%Cu *  *   *  *   -  *  *  *  *   - 
Mg/2.2vol%Ti *  *   *  *   -  *  *  *  *   - 
Mg/4.0vol%Ti *  *   *  *   -  *  *  *  *   - 
Mg/5.9vol%Ti *  *   *  *   -   *  *   *  *    - 
             
-  - Not tested 
* - Tested 
 
 
  3.3.1Preparation of pin specimen 
           The as-extruded 8-mm rods were machined in a lathe to a diameter of 5mm and 
then cut into 18mm long pins using the diamond cutter. The pins were rubbed with 
abrasive SiC papers (320 and 600grit) to ensure that both ends are flat and smooth. The 
flat specimens are then cleaned with alcohol. 
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3.4 Experimental procedure 
The steps required for the procedure are given as follows 
1. Initial preparation included 
• Switching on the electronic balance and calibrating it to zero. 
• Switching on the relative humidity and the temperature recorder. 
• Setting the radius of the disc in accordance to the sliding speeds of 
0.5, 1, 2 and 5m/s. 
• Cleaning the surface of the pin, followed by measuring and recording 
the initial weight. 
• Cleaning the surface of the rotating steel disc using silicon grit papers 
• Wrapping the side of the specimen with a plastic paper to avoid the 
contact between the holder and the specimen.  
2. The specimen wrapped with the plastic paper was carefully inserted into the 
pin holder, with its marking aligned to the pre-determined position on the 
holder and then secured using the lever screw. 
3. The pin holder was locked into the friction arm of the stand assembly. 
4. Dead weights (10N or 30N) were placed onto the pin holder. 
5. The stand assembly was secured onto the table by using F or G-clamp. 
6. The wear tester set to the rotational speed was switched on. It was allowed to 
rotate for a while to stabilize the speed. The pin holder was slowly lowered  
     down such that the pin specimen surface comes in contact with the rotating  
      disk.      
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7. Stop clock was started as the pin specimen surface touches the rotating disc 
and the test is carried out for 3 min. 
8. After every 3 min of the test, the pin holder was moved away from the 
rotating disk and the specimen is carefully removed from the holder using 
the forceps and the weight of the pin was recorded. 
9. Any noise, vibration or any other unusual behavior of the pin were observed 
and noted. 
10. Wear debris on the disc was collected using the brush if the debris were in 
large amount or using the carbon type if in small amount and finally 
preserved in paper container. 
11. The steel disc surface was cleaned with silicon grit paper to ensure that the 
clean surface was maintained for all the runs. 
12. The pin specimen surface was cleaned with alcohol. 
13. The steps was repeated from (2) for the total of 10 runs. 
14. On certain pins, the materials will be pushed to the sides during sliding and 
gets resolidified along the periphery. Since these resolidified materials were 
considered as the material worn out during sliding, they were filed off 
carefully after each run prior to weighing in order to avoid error in measured 
weights.  
15. Experiments were carried out with different pin specimens to make sure that 
the results are reliable. 
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3.4.1    Experimental precautions 
            In order to prevent unnecessary errors and to obtain reliable experimental data, 
some precautions were followed, as listed below: 
1. Constant temperature and humidity were maintained in the wear testing room by 
avoiding unnecessary entrance and exit to the room 
2. The rotational speed of the wear tester was checked using a tachometer, to ensure 
constant sliding speed. 
3. The rotating disc surface was aligned properly on the locating pins so that the 
entire area of the specimen remains in contact with the rotating disc during sliding. 
4. The stand assembly was clamped securely in order to avoid unnecessary vibrations 
and movements. 
5. The electronic balance was reset to zero. 
6. The pin specimen was carefully aligned to the marking made on the side of the 
specimen to a pre-determined position on the holder to ensure that the same 
orientation is maintained from run-to-run. 
7. The pin specimen was allowed to slide freely in the vertical direction only, in order 
to avoid unnecessary noise, swinging of the holder arm and vibrations.  
3.5   Wear rate calculation 
        The mass of the pin measured is plotted against sliding distance; the gradient of 
the graph gives the mass wear rate in g/m. Mass wear rates are converted to volumetric 
wear rate by the following equation: 
   Volumetric wear rate (mm3/m) = (Mass wear rate (g/m) / Density (g/cm3)) x 1000 
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 3.6 Microscopic analysis  
             The worn surface of the pin specimen and the wear debris were examined using 
the SEM and EDX (energy dispersed X-ray analysis). Before viewing under SEM, the pin 
surface was not cleaned with alcohol because the oxide layer on the pin surface could be 
removed easily by alcohol.  
 




RESULTS AND DISCUSSION-I 
 
WEAR DATA PRESENTATION 
 
               
           To get a better understanding of the tribological characteristics of the composites, it 
is essential to explore the various extrinsic parameters that affect their friction and wear 
performance. There are three principal parameters that are of interest in the present 
investigation; these are: normal load, sliding speed and particulate content. Wear data of 
all the specimens obtained from the wear tests will be presented individually for the three 
different composites, i.e. Mg-Nip, Mg-Cup and Mg-Tip, in the following sections. 
 4.1 Magnesium-nickel composites 
Effects of load 
            To study the effects of normal load on wear rate, the wear data of pure magnesium 
and its nickel-reinforced composites as presented in Table 4.1.1 are plotted against normal 
load as shown in Figure 4.1.1. It is evident from the figure that the increase in normal load 
resulted in increase in wear rates for all specimens, because of the increase in real contact 
area between pin and disc during sliding. Under the lower load of 10N, the composites 
have better wear resistance than their monolithic counterpart. Under the higher load of 
30N, the composites are similarly superior except for the 6.1 vol% Ni-reinforced 
composite at sliding speeds of 0.5 and 1m/s, where the wear performance is slightly 
inferior when compared to monolithic magnesium; the reason for this will be discussed 
later. The better performance of the composites is attributed to the high load bearing 
capacity of the hard reinforcement particles in the matrix. This agrees with Archard’s 
 40
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proposal that hardness is inversely proportional to wear rate according to the following 
equation, which was introduced earlier in section 2.1 
                            W = K. Lv. B                                                                                      (2.1) 
                                        H  
 
 
      
 Table 4.1.1     Wear rates of pure magnesium and its nickel reinforced composites under  
                       different sliding conditions 
                       




                        
                                       
Load                        10N           30N Error 
Sliding speed    0.5m/s 1m/s 5 m/s 0.5m/s 1m/s 5 m/s  % 
Pure Mg 0.0079 0.0114 0.0402 0.0113 0.0114 0.0402  20-25 
Mg/1.5% Nip 0.0061 0.0062 0.0051 0.0074 0.0077 0.0088 16-30 
Mg/3.1% Nip 0.0056 0.0062 0.0039 0.0101 0.0091 0.0073 14-30 
Mg/6.1% Nip 0.0073 0.0079 0.0055 0.0138 0.0141 0.0097 11-20 



























































N1- Mg/1.5 vol% Ni
N2- Mg/ 3.1 vol% Ni
N3- Mg/ 6.1vol % Ni
Variation of wear rate (mm3/m) with load (N) 
 
 




Load (N)  
            4.1.1 Variation of wear rate (mm3/m) with load (N) for Mg-Ni composite        
Effects of sliding speed 
            Another important factor that affects the wear performance is the sliding speed. 
The plots of wear rate versus sliding speeds are shown in Figures 4.1.2 and 4.1.3 for 10N 
and 30N loads respectively. It is observed that the wear rate does not vary significantly 
with sliding speed for the composites, whereas the wear rate of pure magnesium is found 
to increase significantly as speed is increased from 0.5 to 5m/s, the reason for this 
behaviour will be discussed in chapter 5. In general, the composites are found to have 
excellent wear performance compared to its monolithic counterpart, especially at 5m/s 
speed. This is once again attributed to the improved hardness and strength of the 
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Mg/ 1.5 vol %Ni 10N
Mg/3.1vol % Ni 10N
Mg/6.1vol %Ni 10N
 
  Figure4.1.2 Variation of wear rate (mm3/m) with sliding speed (m/s) for Mg-Ni    
                     composite under 10N load.  
       
 
 
























Mg /1.5 vol%Ni 30N
Mg /3.1vol% Ni 30N
Mg/6.1vol% Ni 30N
 
Figure 4.1.3 Variation of wear rate (mm3/m) with sliding speed (m/s) for Mg-Ni  
                     composite under 30N load 
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Effects of particulate content 
            The material factor that has the strongest effect on the wear properties is the 
volume fraction of Ni reinforcement in the composites. Figure 4.1.4 shows the 
improvement in wear resistance of the composites with magnesium as the base. It is 
evident from the graph that the incorporation of nickel particulates generally brought 
improvement in wear resistance, especially under the fastest sliding speed. Under the 
severe sliding conditions (5m/s /10,30N) the composites are able to out-perform up to 9-
fold (under10N load) and 4-fold (under 30N load) their monolithic counterpart. Despite 
having the highest hardness, the 6.1 vol% Ni composite has higher wear rate than pure 
magnesium at the slower sliding speeds under 30N load; this is believed to be because of 
the relatively poorer interfacial bonding between the matrix and the reinforcement of this 
composite, as indicated by a reduction of ultimate tensile strength of this composite. This 
weak interfacial bonding led to greater adhesion (details in section 5.4) of the pin surface 
to the steel disc during sliding, resulting in higher wear rate. Thus the useful range of 
nickel particulate addition is limited to 3.1 vol%, beyond which further addition resulted in 
deterioration of wear resistance. In general, the composites are found to be beneficial and 
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N1-Mg/ 1.5 vol% Ni
N2-Mg/ 3.1 vol% Ni
N3-Mg/ 6.1 vol% NI
 
     
            
        Figure 4.1.4 Improvement in wear resistance (%) with load (N) for Mg-Ni composite        
 
Summary 
            It is observed that the wear rates of all the specimens under the higher load of 30N 
are slightly higher than the wear rates obtained under the low load of 10N. But unlike 
normal load, the wear rate of composites does not vary significantly with sliding speed 
whereas the wear rate of pure magnesium increases with increasing speed. The composites 
in general exhibit up to 9-fold in
more severe sliding conditions. 
improvement in wear resistance c
Load (N) 
10N  
   0.5m/s 5m/s 1m/s 0.5m/s 
30N
  1m/s   5m/s 
                
                            crease in wear resistance over pure magnesium under the 
The 3.1 vol% Ni composite is found to give the best 
ompared to the other composites. 
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4.2 Magnesium-copper composites 
  
Effects of load 
 
           The wear data of pure magnesium and its copper-reinforced composites as 
presented in Table 4.2.1 are plotted against normal load as shown in Figure 4.2.1. It is 
evident that as the normal load is increased from 10 to 30 N, the wear rates of the 
composites increases slightly for all the specimens, because of the increase in real contact 
area between pin and disc during sliding. The increase is more pronounced at 5m/s under 
the lower load while, the composites are generally superior to pure magnesium, this is 
significant only under the lower load and sliding speeds. The better wear performance of 
the composite is once again attributed to the improved hardness of the composites due to 
the addition of copper particulates (which are harder than monolithic matrix).  
 
 
Table 4.2.1 Wear rates of pure magnesium and its copper reinforced composites under  
                                   different sliding conditions 
 
 
Load                    10N                   30N Error 
Sliding speed      0.5m/s 1m/s 2 m/s 5 m/s 0.5m/s 1m/s 2 m/s 5 m/s (%) 
Pure Mg 0.0079 0.0114 0.0172 0.0402 0.0113 0.0114 0.0172 0.0402 20-25 
Mg/2.2% Cup 0.0052 0.0105 0.0158 0.0316 0.0042 0.0105 0.0158 0.0369 20-30 
Mg/4.1% Cup 0.0023 0.0047 0.0142 0.0285 0.0047 0.0095 0.0142 0.0380 15-20 
Mg/6.6% Cup 0.0031 0.0089 0.0133 0.0312 0.0044 0.0133 0.0178 0.0892 15-20 
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Mg/2.1 vol% Cu 10N
Mg/4.1 vol% Cu 10N
Mg/6.6 vol% Cu 10N
 
 Figure 4.2.2 Variation of wear rate (mm3/m) with sliding speed (m/s) for Mg-Cu   
                     composites under 10N load. 
 
 




















Mg/ 2.1 vol% Cu 30N
Mg/ 4.1 vol% Cu 30N
Mg/ 6.6 vol% Cu 30N
 
 
Figure4.2.3 Variation of wear rate (mm3/m) with sliding speed (m/s) for Mg-Cu   
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Effects of particulate content 
            To study the effects of particulate content on wear performance of the composites, 
graph showing the improvement of wear resistance of the composites with magnesium as 
base are presented in Figure 4.2.4. It is observed that the incorporation of copper 
particulates generally brought improvement in wear resistance especially under the slow 
sliding speeds. Despite having improved hardness and strength, the 6.6 vol% Cu 
composite is found to have 55% high wear rate than its monolithic counterpart at the 
fastest sliding speed under 30N load. In addition to the poorer material integrity due to 
porosity, both the matrix and the ductile copper particulates tend to deform easily and also 
soften at high sliding temperature due to frictional heating leading to severe adhesion 
(details in section 5.4) between pin and disc. Thus the useful range of copper particulate 
addition is limited to 4.1 vol% Cu beyond which further addition resulted in failure of the 
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  2m/s   5m/s  1m/s    0.5m/s 5m/s2m/s1m/s 0.5m/s 
      
Load (N) 
 
Figure 4.2.4 Improvement in wear resistance (%) with load (N) for Mg-Cu composites        
 Summary           
            Similar to nickel-reinforced composites, the wear rates of almost all the copper-
reinforced composites are found to be slightly higher under 30N load when compared to 
10N load.  The copper-reinforced composites are found to have good wear resistance, with 
wear rates similar to nickel-reinforced composites, especially under slow sliding speeds. 
However, the wear rates of the copper-reinforced composites increased significantly with 
increasing speed, which is not the case with nickel-reinforced composites due to the 
presence of harder nickel particulates. The 4.1 vol% Cu composite which is found to have 
best wear resistance than other composites up to 243% increase in wear resistance 
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4.3 Magnesium-titanium composites 
            Before discussing the wear data of Ti-reinforced composites, a few caveats must be 
mentioned. The composites are found to have reduced hardness and ultimate tensile 
strength, which was attributed to softening effects as a result of titanium addition, as well 
as the localized damage like particle cracking, matrix cracking, debonding and clustering 
of reinforcement particles [3]. Further work is required to better understand the 
phenomena; hence the optimum content for titanium particulate addition into magnesium 
matrix could not be established. 
 Effects of load 
            The wear data of pure magnesium and titanium-reinforced composites as presented 
in Table 4.3.1 are plotted against normal load as shown in Figure 4.3.1. As before, when 
the normal load is increased, the wear rates of the composites also increases. Under most 
sliding conditions the composite have better wear resistance than pure magnesium. The 
better wear performance is attributed to the improved yield strength of the composites. 
 
Table 4.3.1 Wear rates of pure magnesium and its titanium reinforced composites under  
                       different sliding conditions 
 
 
Specimen                    10N                   30N Error 
Sliding speed    0.5m/s 1m/s 2 m/s 5 m/s 0.5m/s 1m/s 2 m/s 5 m/s (%) 
Pure Mg 0.0079 0.0114 0.0172 0.0402 0.0113 0.0114 0.0172 0.0402 15-20 
Mg/2.2%Tip 0.0032 0.0109 0.0109 0.0384 0.0043 0.0109 0.0219 0.0274 20-25 
Mg/4.0%Tip 0.0031 0.0052 0.0157 0.0418 0.0036 0.0104 0.0157 0.0314 15-25 
Mg/5.9%Tip 0.0029 0.0099 0.0099 0.0148 0.0044 0.0099 0.0198 0.0346 15-20 
            
 51
                                                                                  Chapter 4 Results and discussion-I 
 
 














































     
Mg
T1
    
T2
    T3
Mg - Pure Mg
T1 - Mg/ 2.2 vol% Ti
T2 - Mg/ 4.0 vol% Ti
T3 - Mg/ 5.9 vol% Ti
 
 
                                  10 N  30 N 
5m/s 2m/s 1m/s 0.5m/s 5m/s 2m/s 1m/s 0.5m/s 
                                
               Figure4.3.1 Variation of wear rate (mm3/m) with load (N) for Mg-Ti composites  
 Load (N)   
 
Effects of sliding speed 
            Graphs of wear rate against sliding speed are shown in Figures 4.3.2 and 4.3.3 for 
10 and 30N loads respectively. It is observed that the wear rates of all the specimens are 
found to increase significantly as speed is increased from 0.5 to 5m/s.In general, the 
composites are found to have better wear resistance compared to its monolithic 
counterpart except for a few instances. This is once again attributed to the improved yield 
strength of the composites.  
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Mg/2.2 vol% Ti 10N
Mg/4.0 vol% Ti 10N
Mg/5.9 vol% Ti 10N
 
Figure 4.3.2 Variation of wear rate (mm3/m) with sliding speed (m/s) for Mg-Ti   





























Mg/4.0 vol% Ti 30N
Mg/5.9 vol% Ti 30N
 
      Figure 4.3.3 Variation of wear rate (mm3/m) with sliding speed (m/s) for Mg-Ti  
                           composites under 30N load. 
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Effects of Titanium particulate content 
           To study the effects of titanium particulate addition, the improvement in wear 
resistance of the composites with magnesium as base are presented in Figure 4.2.4. It is 
observed that the incorporation of titanium particulates generally brought improvement in 
wear resistance especially under the slow sliding speeds. Under such mild sliding 
conditions the composites exhibit up to 2-times increase in wear resistance over its 
monolithic counterpart. The erratic performance of the composites under the more severe 
sliding conditions is believed to be because of the softening effect of the matrix due to the 
addition of titanium particulate which is seen as a reduction of hardness shown in Table 
3.1.3. This softening effect led to greater adhesion of the pin surface to the steel disc 
resulting in higher wear rate.  The reduced ultimate tensile strength of the composites also 
point to localized damage like particle cracking, matrix cracking, debonding and as well as 
clustering of reinforcement particles. These damages provide sites for easy removal of 
material from the surface leading to poor wear performance in more demanding situations. 
Unlike the Mg-Ni and Mg-Cu composites, no optimum reinforcement level can be 
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5m/s2m/s1m/s 0.5m/s 2m/s 1m/s 0.5m/s 5m/s       
 
 10N 30N  
Load (N)  
 




           Similar to the other two composites, the wear rates of the titanium-reinforced 
composites under 30N load is slightly higher than under 10N load. The wear rates of the 
titanium-reinforced increased significantly with increase in speed. The titanium-reinforced 
composites exhibited better wear resistance (up to 2-fold improvement) mainly under slow 
sliding speed and low load. The 5.9 vol % Ti composite is found to have best wear 
resistance than other composites and pure magnesium. 
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RESULTS AND DISCUSSIONS-II 
WEAR MECHANISMS 
 
            Scanning electron microscopy identified five different wear mechanisms under 
various sliding conditions: they are oxidation, abrasion, delamination, adhesion and melt 
wear. These wear mechanisms were found to operate either singly or in combination 
depending on the sliding condition. In this chapter, the wear mechanisms will be discussed 
in general followed by discussion in relation to the sliding conditions and wear rate for 
individual composites.  
5.1 Oxidation wear 
             Under the lower load of 10N at 0.5 m/s speed, the common features observed by 
scanning electron microscope and naked eye inspection in almost all composites and pure 
magnesium were patches of material covering the pin surface as shown in Figures 5.1.1 
and 5.1.2. Large amounts of wear debris were collected, which consist of small particles 
and fine powder as shown in Figure 5.1.3. EDX analysis (Figure 5.1.4) identified 
magnesium and oxygen peaks suggesting that the wear debris consist of magnesium oxide. 
These features suggest that the main mechanism operative under lower load of 10N at 
0.5m/s speed is oxidation wear. Oxidative wear is caused by frictional heating during 
sliding, causing the pin surface to oxidize; oxide fragments are removed upon subsequent 
sliding, resulting in wear [60]. Low wear rates are observed for both magnesium and its 
composites when oxidation is dominant. This is because the oxide covering the pin surface 
prevents metallic contact with the disc and acts as a protective layer inhibiting severe wear 
[90]. 




                                        
 
                                             
                                                                                                                    
          
                                      Figure 5.1.1 Pin surface covered with oxide layer 
     
                    
                      
                          Figure 5.1.2 Oxide particles dispersed on the pin surface 
Patches of 
oxide  




                            
                                                                       
 
                                       
                                
                                            
                                                       Figure 5.1.3 Debris containing magnesium oxide                              
 
 
                                               
                    Figure 5.1.4 EDX analysis showing the presence of oxygen in the wear debris 
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5.2 Abrasive wear 
            Pins tested under the mild sliding speed of 1m/s under both 10 and 30N loads for 
both pure magnesium and its composites showed numerous grooves, shallow scratches 
running parallel to the sliding direction, as well as plastic deformation on the pin surface 
without oxidation as shown in Figures 5.2.1.and 5.2.2. These features are indicative of 
abrasive wear, which is caused by material being removed from the pin surface by hard 
particles or protuberances on the counterface, forcing against and cutting or ploughing into 
the surface [22]. Wear debris contain long slivers with small particles as shown in Figure 
5.2.3, which are formed due to the breaking of ridges during sliding (Figure 5.2.4). These 
ridges are formed from material displaced to both sides of a groove during ploughing. 
These abrasive grooves are observed to be less extensive in composites than pure 
magnesium. 
                  
 
     
 















                                
                                  
 













                             
               
                          Figure5.2.1 Shallow scratches and grooves on the pin surface indicative    
                                             of abrasive wear.   
 
   
                                 
 
                        Figure 5.2.2 Numerous grooves and shallow ploughing strips running  
                                       parallel to sliding direction when compared to Figure 5.2.1.                                  
                  













                   
 
                        Figure5.2.3 Long thin slivers and smaller particles obtained during 
                                        abrasion.                                            
 
 
                    
 
                     Figure 5.2.4 Long slivers obtained by cracking of ridges which are           
                                         formed near wear grooves during abrasion.                                                         
Slivers formed due to 
the cracking of ridges 
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5.3 Delamination wear 
 
            As the sliding speeds increases to 2 and 5m/s under 10N and 30N loads, the 
composites exhibited numerous cracks running perpendicular to the sliding direction as 
shown in Figure 5.3.1. The intersection of these cracks result in the detachment of flake-
like wear particles, leaving behind shallow craters as shown in Figure 5.3.2. An SEM 
micrograph of the flake-like wear debris is shown in Figure 5.3.3. EDX analysis of the 
debris identified strong magnesium peaks (Figure 5.3.4), indicating that the wear debris 
was formed as a result of detachment of subsurface layers from bulk material [91]. Naked-
eye inspection also observed the wear debris to have shiny metallic appearance. These 
features suggest that delamination wear is operative. Delamination wear is caused by hard 
asperities which induce plastic shear deformation in the subsurface of the softer material; 
the accumulation of deformation with repeated loading results in subsurface crack 
formation and propagation. These subsurface cracks reach the surface eventually resulting 
in the generation of wear particles [92].  






              
 
                      
 













                   
 
                Figure 5.3.1 Cracks running perpendicular to the sliding direction 
                                      indicative of delamination.            
    
  
                            
              
                 Figure 5.3.2 Large craters formed due to the material removed 
                                    from pin surface during delamination 
    
  







                 
                               Figure5.3.3 Wear debris showing flake type particles. 
 
                                   
                      Figure 5.3.4 EDX analysis showing the presence of oxygen in   
                                          delamination wear debris. 
 






 5.4 Adhesive wear 
            All pins tested under the sliding conditions of 2 and 5m/s speeds with both 10 and 
30N loads showed a layer of material covering the pin surface as shown in Figure 5.4.1, as 
well as plastic deformation as shown in Figure 5.4.2. At the same time, a discernable layer 
of transferred material covers the wear track of the disc, and the amount of wear debris 
collected is considerably less than when other mechanisms are dominant. SEM analysis 
revealed that the patches of material on the pin surface are composed of tiny fragments as 
shown in Figure 5.4.2. These fragments are believed to have been pulled off from the pin 
surface and adhered to the steel disc during sliding and then transferred back again to the 
pin surface. EDX analysis (Figure 5.4.3) showed magnesium peaks which indicated that 
the magnesium fragments are transferred back to the pin surface during sliding. Wear 
debris reveal the presence of large wear sheets as shown in Figure 5.4.4. EDX analysis 
(Figure 5.4.5) shows the presence of iron in such debris indicating that the material is 
transferred from steel counterface. Rows of furrows are also observed on the pin surface 
(Figure 5.4.6). All these features are indicative of adhesive wear. Adhesive wear is caused 
by shearing action of micro-welds formed between the surface asperities that actually 
carry the load between two mating surfaces [92]. In general, the composites with good 
hardness exhibited better resistance to adhesion type of wear mechanism thus resulting in 
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                  Figure 5.4.1 Large amount of transferred material covering the pin surface. 
                                                                                                                                              
 
                                 
                             Figure 5.4.2 Characteristic feature of adhesive wear 
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                  Figure5.4.3 EDX analysis showing the presence of magnesium indicating that 
                                     magnesium fragments are transferred back to the pin surface.                       
                     
                                   
                       Figure 5.4.4 Wear debris showing the presence of large wear sheet                                
                                           removed during adhesion 
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               Figure 5.4.5 EDX analysis showing presence of iron indicating that 
                                    material is transferred from steel counterface                           
 
                        
                           Figure 5.4.6 Rows of furrows indicative of adhesive wear  
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5.5 Melt wear 
            When pure magnesium and magnesium-titanium composites were tested under 
sliding speed of 5m/s, especially under 30N load, the worn pin surface was found to be 
smooth with large amounts of material transfer to the steel disc, which is clearly seen on 
the wear track. SEM examination observed irregularly shaped wear debris as shown in the 
Figure 5.5.1. EDX analysis (Figure 5.5.2) showed that the wear debris consist mainly of 
magnesium and a small amount of oxygen. Melt wear occurs under severe sliding 
conditions because as the sliding speed and load are increased, the temperature of the 
contact surface is increased due to increased frictional heating. This temperature exceeds 
the melting temperature of the matrix material and eventually leads to the melting of the 
pin surface. This melted material is continuously extruded to the sides and periphery of the 
pin and they get accumulated over the previously melted material thus forming layer of 
melted material as shown in Figures 5.5.3. The other type of observation is the extrusion 
of the material to the trailing edge of the pin as shown in Figures 5.5.4 and 5.5.5. These 
features clearly show that melt wear is dominant at severe sliding condition.  This type of 




                                                                                
                                          
                                                       
                                                         
 




       
                       
                 Figure 5.5.1 Irregular shaped wear debris obtained due to melt wear.          
 
                      
                           Figure5.5.2 EDX picture showing oxygen in melt wear debris. 
                                                                                                                                          
                  




                            
                 Figure 5.5.3 SEM micrograph showing layer of melted material                    
                   
             Figure 5.5.4 Surface pin material extruded to trailing edge during sliding     
                                   due to softening.                               
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                          Figure 5.5.5 Extruded part of the pin surface. 
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5.6 Magnesium-nickel composites 
            Four of the wear mechanisms discussed above; namely oxidation, abrasion, 
adhesion and delamination, were observed in nickel-reinforced composites. A summary of 
the wear mechanisms operative under the different sliding conditions for the various pin 
materials is presented in Table 5.6.1.  The regions of dominance of these wear 
mechanisms in relation to sliding speed and load is presented in Figure 5.6.1. This is not a 
wear map but a graph to indicate different wear mechanisms.          
 
 
   Figure 5.6.1 Different wear mechanisms with their regions of dominance for Mg-Ni  





             In this region, oxidative wear is the dominant wear mechanism. The wear rates of 
the composites and pure magnesium are nearly equal and the incorporation of the nickel 
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Table 5.6.1 Summary of wear mechanisms operative under various sliding conditions for the                            
                    various pin materials    
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            The frictional heat is induced during sliding and under the mild sliding conditions 
of 0.5m/s and 10N load enough time is available for the pin surface to come in contact 
with atmospheric oxygen to oxidize. Since the load and speed are very gentle, the rate of 
removal of the oxide from the pin surface takes place at a lesser extent than its rate of 
formation, leaving behind an oxide layer that is stable preventing metallic contact with the 
steel counterface and inhibiting severe wear. The wear rates of all the pins are thus found 
to be nearly equal, because a protective oxide layer similarly covers both magnesium and 
its composites. The presence of near-continuous oxide layer on the pin surface is limited 
only to sliding at 0.5m/s speed under 10N load. As the sliding speed is increased from 0.5 
to 1m/s, the rate of removal of oxide layer becomes faster than its rate of formation and a 
transition to abrasive wear occurs.  
Zone II 
 
           In Zone II, abrasion is found to be dominant, while the onset of new mechanisms 
like delamination and adhesion was also observed. Here, the composites show improved 
wear performance due to better hardness, which impart better resistance to abrasion during 
sliding, as discussed in Chapter4. The occurrence of abrasive wear in the low speed 
regime has been reported by a number of investigators. In two independent studies on 
Al/SiCp composites, Zhang [93] et al. and Lim et al. [90] both reported abrasive wear as 
the dominant wear mechanism under the sliding speed of 1m/s. In another study, Kwok 
and Lim [94] et al. observed abrasion at low speeds between 1m/s to 3m/s and loads of 
10N to 100N, also for Al/SiCp composites. Furthermore, in feldspar-reinforced AZ91 Mg 
composites, Sharma [72] observed that under a load range of 20-40N and speed range of 
0.62-1.25m/s, abrasive wear was dominant.   
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              In this zone, only the 6.1 vol% Ni composite differed from the other samples.                        
Under the high load of 30N load, it showed the worst wear rate with extensive grooving 
and delamination on the pin surface. This high wear rate and appearance of delamination 
may be due to the increased porosity (shown in Table 3.1.3) and greater area of 
particulate-matrix interface, which provided additional void nucleation sites and prefential 
paths for subsurface crack propagation, two key elements in delamination. 
Zone III and IV 
            Delamination, adhesion and melt wear are found to be the dominant wear 
mechanisms in these regions. In these regions, the composites exhibited excellent wear 
performance (up to 9-fold) over monolithic Mg, which melted and showed signs of 
catastrophic failure. 
Delamination wear 
             At 2 and 5m/s sliding speed under both loads, delamination wear was observed to 
be dominant for the composites. Nonetheless, the composites exhibited superior wear 
performance over their monolithic counterpart which showed adhesive wear under the 
same conditions; this may be attributed to the high hardness and yield strength of the 
composites, which limit crack formation and propagation thus reducing the delamination 
of the pin surface during sliding.            
            Delamination is found to be slightly more extensive under the higher load because 
it is a fatigue related wear mechanism in which increase in load hastens the process of 
crack nucleation and propagation, producing greater wear. Earlier research has similarly 
found the increasing dominance of delamination with load [72, 90, 94, 95]. The wear 
resistance of the composites is up to 4-9 fold better than the pure magnesium under the 
two most severe sliding conditions (5m/s, 10/30N). This is due to the presence of hard 
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inter metallic phase (Mg2Ni) in the matrix, which was observed in XRD analysis earlier 
[86], resulting in improved hardness of the matrix and superior wear performance. Under 
the same conditions, pure magnesium had already melted and showed signs of failure. The 
high load-bearing capacity of the hard reinforcing phase also contributes to the better wear 
performance of the composites, similar to the observations of Gurlan and Baker [96]. Once 




            All pins tested under sliding speed of 5m/s speed under both loads exhibited 
adhesive wear in addition to delamination, but is found to be less severe in the composites. 
This may be attributed to very good mechanical properties like hardness and strength 
which reduces the true contact area between pin and disc, reducing adhesive transfer. In 
the 6.1 vol% Ni composite however, adhesive wear appeared even earlier under the high 
load of 30N at 1m/s sliding speed. In spite of its high hardness, the ultimate tensile 
strength of the 6.1 vol % Ni composite was much lower than the other composites. This 
suggests that the bonding between the matrix and reinforcement is lowered as the ultimate 
tensile strength is sensitive to flaws and defects. The reduced mechanical integrity of this 
composite renders it prone to adhesive wear. This observation  
is quite contradictory to the previous studies on Al and MgAZ91 [90, 97-99] composites, 
where the addition of SiCp were found to be beneficial at higher loads and speeds when 
adhesion is dominant mechanism.           
Melt wear 
            Melt wear is observed to be dominant in pure magnesium under the severe sliding 
condition of 5m/s speed with 30N load. The nickel-reinforced composites showed better 
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wear resistance than pure magnesium. The hard nickel particulates present in the matrix 
due to good thermal conductivity and reduced true contact area lessens the frictional heat 
generated during sliding reducing the melting of magnesium matrix. However this state 
does not continue as the sliding speed is increased beyond a critical limit, softening and 
eventual melting would still occur in the composites. This is seen in the increase in wear 
rates when the 3.1 vol% Ni composite were tested under addition speed of 7m/s. 
Nonetheless, the high hardness of the composites not only imparts resistance to adhesive 
wear but also delays melt wear to more severe conditions thus extending the useful range 




















5.7 Magnesium-copper composites 
            The four wear mechanisms observed in nickel-reinforced composites were also 
observed in copper-reinforced composites. A summary of the wear mechanisms operative 
under the different sliding conditions for the various pin materials is presented in Table 
5.7.1.  The regions of dominance of these wear mechanisms as a function of sliding speed 















    Figure 5.7.1 Different wear mechanisms with their region of dominance for Mg-Cu  




Zone I  
            In this region, oxidative wear is the dominant wear mechanism. The wear rates of 
the composites are less than pure magnesium and the incorporation of the copper 
particulates into the magnesium matrix had a great influence on the wear rate of the 
composites. 
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Table 5.7.1 Summary of wear mechanisms operative under various sliding conditions for the       
                   various pin materials    
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               As in the case of nickel-reinforced composites, under the mild sliding condition 
of 0.5m/s speed under 10N load, a protective oxide layer covers the surface of magnesium 
and its composites preventing metallic contact and inhibiting severe wear. Here the 
composites exhibit better wear resistance because copper is prone to oxidation and the 
amount of stable oxide covering the composite pin surface is greater than that on 
monolithic Mg. The better wear performance of the composites may be due to the 
improved hardness of the composites which provided better support to the oxide film 
thereby improving the load bearing capacity. As the sliding speed is increased from 0.5 to 
1m/s under 10N load, the rate of removal of oxide layer becomes faster than its rate of 
formation and a transition to abrasion wear occurs. 
Zone II 
            Abrasion and delamination wear mechanisms are observed in this region. The 
composites exhibited better wear resistance than its monolithic counterpart. 
 Abrasive wear 
            Pins tested under the sliding speed of 1m/s under both loads for all specimens and 
0.5m/s speed under 30N load for pure magnesium showed the dominant wear mechanism 
to be abrasion. The composites exhibit improved wear performance due to better hardness 
which imparts better resistance to abrasion during sliding as discussed in Chapter 4. 
Delamination wear 
            Delamination wear was observed to be dominant on composite pins tested at 0.5 to 
2m/s speed under 30N load. Nonetheless, the composites exhibited superior wear 
performance over their monolithic counterpart which showed adhesive wear under the 
same conditions; this may be attributed to the high hardness and strength of the     
composites, which limit crack formation and propagation thus reducing the delamination 
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of the pin surface during sliding.  The slightly higher wear rate of 6.6 vol% Cu composite 
at sliding speeds of 1 and 2 m/s under 30N load may be due to the increased porosity and 
greater area of particulate-matrix interface, which provided additional void nucleation sites 
and prefential paths for subsurface crack propagation. 
Zone III 
            In this region adhesion and delamination were the dominant wear mechanisms. In 
general, the composites exhibited better wear resistance than their monolithic counterpart. 
Adhesive wear 
            All pins tested under the sliding speeds of 2 and 5m/s under both loads showed 
adhesive wear to be dominant. Adhesion is less extensive in composites due to the good 
mechanical properties like hardness and strength, which reduce the true contact area 
between pin and disc, reducing adhesive transfer. Despite having high hardness and 
strength, the higher wear rate of 6.6 vol% Cu composite at 5m/s 30N load is believed to  
be because of frictional heating and its softening effect on the matrix and greater amount 
of incorporated copper particulates, thereby increasing adhesive transfer. This result is 
supported by the earlier findings of Zhang [93] et al. that MMCs reinforced with SiCp 
showed adhesive wear to be dominant at high loads, with high volume fractions of 
reinforcement exhibiting increase in wear rate in the adhesion regimes. Thus the higher 
volume fraction of copper reinforcement is not beneficial under high sliding conditions 
when adhesive wear is predominant.   
Zone IV 
            Adhesion and melt wear are the two mechanisms which are observed to be 
dominant in this region. The composites exhibited better wear performance than its 
monolithic matrix. 




            Melt wear is observed to be dominant in pure magnesium under the severe sliding 
condition of 5m/s speed with 30N load. The copper composites in general are found to 
have better wear resistance than pure magnesium. No melting is observed in copper 
composites even at severe sliding conditions because copper, being a good conductor of 
heat, is able to quickly conduct away the large amount of heat generated on the surface 


















                                                                                      Chapter 5 Results and discussions-II 
 
 84
5.8 Magnesium-Titanium composite 
             In addition to the four wear mechanisms observed earlier, melt wear was observed 
in magnesium-titanium composite. A summary of the wear mechanisms operative under 
the different sliding conditions for the various pin materials is presented in Table 5.8.1.  
The regions of dominance of these wear mechanisms in relation to sliding speed and load 















    Figure 5.8.1 Different wear mechanisms with their region of dominance for Mg-Ti 
                         composites      
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            In this region, two different mechanisms; namely, abrasion and delamination wear, 
was observed. The wear rates of the composites are lower than pure magnesium and the 
incorporation of titanium particulate to magnesium matrix had a great influence on the 
wear performance of the composites. 
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            All pins tested under mild sliding speeds under both loads showed abrasion to be 
dominant wear mechanism. The better wear performance may be attributed to the better 
yield strength of the composites which imparted better resistance to abrasion. 
Delamination wear 
           Under the sliding speed of 1m/s under 30N load delamination wear was observed 
only for 2.2 vol% Ti composite.  This is because the porosity of this sample is at least 2.8 
times greater than the other composites, which provided additional void nucleation sites 
and prefential path for subsurface crack propagation.  
Zone II 
             In this zone only adhesion wear was dominant. The composites in general have 
less wear than pure magnesium only under 10N load, while the wear performance is 
erratic under 30N. The better wear performance of the composites may be due to higher 
strength of the composites which reduced the true contact area between pin and disc 
reducing adhesive transfer. The higher wear rates of two of the composites under 30N  
(2.2 and 5.9 vol% Ti) may be due to an increase in softening of magnesium matrix with 
the addition of titanium particulate up to 4.0 vol%, beyond which the softening ceases [3]. 
This softening would promote the adhesion of pin surface to steel disc resulting in severe  
wear. The other reasons for the poor wear performance of the composites may be the 
presence of localized damages like particle cracking, matrix cracking and interface 
debonding and as well as the clustering of reinforcement particulates that resulted in a 
reduction in ultimate tensile strength which suggest that the bonding between the matrix  
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and reinforcement is lowered. This reduced integrity promotes adhesive wear resulting in  
higher wear rate. Thus composites are not very beneficial under 30N load when adhesion 
is dominant. This is quite contradictory to an earlier observation that a material pair 
involving two hexagonal closed packed metals (HCP) behaved like one hexagonal closed 
packed metal ( both Mg and Ti are HCP metal) having limited number of slip planes with 
low wear rates [92]. 
Zone III      
          In this zone, adhesion and melt wear were observed. As discussed earlier, the 
composites are not very beneficial when adhesive wear is observed whereas it showed 
better wear resistance when melt wear is observed.  
Melt wear 
            Melt wear is found to be dominant under the sliding speed of 5m/s for almost all 
pins. Melt wear is found to be less severe in composites than pure magnesium. This is 
because of the hard titanium particulates present in the matrix reduced the true contact 
area, which lessens the frictional heat generated during sliding reducing the melting of 
magnesium matrix. Melt wear is observed only in 2.2 and 4.0 vol% Ti composites; this is 
believed to be because of the increase in softening effect of the matrix with increase in 
addition of titanium particulates up to 4.0 vol % Ti, as discussed in the previous section. 
Because of this softening effect, as the sliding speed is increased beyond a critical limit, 
the frictional heat generated during sliding further softens the surface, eventually resulting 
in melting of the matrix.  




COMPARISON OF WEAR DATA AND WEAR MECHANISMS 
 
            From the discussion earlier on the extrinsic parameters and the wear mechanisms it 
is evident that the magnesium-based composites reinforced with metallic particulates are 
generally beneficial and useful under virtually all sliding conditions tested.  In this chapter, 
the wear behaviour of the three different composites will be compared with one another, as 
well as with other aluminium and magnesium composites to identify potential areas of 
application. The composites chosen for this comparison are the ones with the compositions 
that have shown optimum wear performance. They are 3.1 vol% Ni, 4.0 vol% Cu and 5.9 
vol% Ti. Graph 6.1 shows the comparison of improvement in wear resistance for these 






















































































   
                      Figure 6.1 Comparison of improvement in wear resistance 
6.1 Low sliding speeds 0.5 and 1m/s (10 and 30N loads) 
            Under these sliding conditions, all three composites in general have better wear 
properties than pure magnesium. Oxidation and abrasion wear were observed under the 
lower load of 10N, whereas adhesion, abrasion and delamination wear under the high load 
of 30N. Under the mildest sliding condition (0.5m/s, 10N), the Mg-Cu composites showed 
the best performance. This is because a stable and continuous oxide layer was formed 
compared to the patchy and uneven one on pure magnesium and Mg-Ni composites, thus 
offering better protection against metal-metal contact. Mild abrasive wear was observed in 
titanium-reinforced composites, which showed low wear rates similar to copper-reinforced 
composites. This improvement in wear performance is attributed to better hardness which 
imparted better resistance to abrasion. An earlier investigation [5] on the sliding wear of 
0.5m/s 1m/s 2m/s 5m/s    0.5m/s  1m/s   2m/s   5m/s 
Load (N) 
10N 30N
Comparison of improvement in wear resistance  
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cast Mg/SiCp composites reported that the composites exhibited improved wear 
performance under the low load of 4N at 0.2m/s speed, with abrasion and delamination as 
the dominant wear mechanisms. It was believed that the improved hardness of the 
composites imparted better resistance to wear. 
           As the sliding speed is increased to 1m/s under 10N load and under the higher load 
of 30N at 0.5 and 1m/s speeds, the rate of removal of the oxide layer is faster than its 
formation thus transition to abrasion occurs. The composites exhibited better wear 
performance than their monolithic counterpart. The copper-reinforced composites showed 
the best wear performance even at 1m/s speed under 10N load. EDX examination of the 
Mg-Cu debris showed the presence of oxygen, suggesting that some oxide layer may still 
have formed on the pin surface, giving limited protection from metallic contact in addition 
to the resistance offered by higher hardness of the composites to wear. Under the higher 
load of 30N, all the three composites showed wear improvement. This superior wear 
performance is once again attributed to the higher hardness of these composites which 
imparted resistance to abrasion. In contrast, a study on cast Mg/SiCp [5] composites under 
30N load at 0.5 and 1m/s speed found that the composites showed inferior wear resistance 
when compared to their monolithic counterpart due to severe abrasion and delamination. 
This is attributed to the poor interfacial bonding between the matrix and reinforcement that 
has resulted in reduced strength leading to higher wear rate. In the present study, the better 
wear properties of metallic particulates may be attributed to better wettability, good 
interfacial bonding and limited interfacial interactions which resulted in better mechanical 
properties imparting better resistance to wear. Thus under mild sliding conditions, the 
metallic particulate reinforced composites are found to be more beneficial than ceramic 
particulate reinforced composites.    
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6.2 Moderate sliding speed 2m/s (10N and 30N loads) 
           In general, composites when tested under these sliding conditions have better wear 
performance than their monolithic counterpart. Adhesive wear and delamination wear 
were observed to be dominant. Under both loads, the nickel-reinforced composites have 
low wear rates. This is attributed to very good mechanical properties like hardness and 
strength which limit crack formation and propagation thus reducing the delamination of 
the pin surface during sliding. For copper-reinforced composites, the slight softening of 
copper particulates due to frictional heating increases the adhesive transfer leading to 
higher wear rate. The reduced integrity of the Ti-reinforced composite promotes extensive 
adhesive wear especially under 30N load. 
 6.3 Severe sliding speed 5m/s (10 N and 30N loads) 
                Under the more severe sliding conditions, adhesion and melt wear were 
observed. Under both loads, the composites have superior wear resistance but the 
improvement in wear performance is higher under 10N load than 30N. The nickel-
reinforced composites showed up to 9-fold increase in wear resistance over pure 
magnesium and up to 6-fold better wear resistance than other composites. This is once 
again attributed to the improved hardness and strength which reduced the true contact area 
between pin and disc, reducing adhesive transfer leading to low wear rates. For copper-
reinforced composites, the high frictional heat induced during sliding further softened the 
copper particulates, increasing adhesive transfer leading to higher wear rate. In titanium-
reinforced composites the poor material integrity resulted in increased adhesive transfer 
leading to higher wear rate especially under 30N load where the pure magnesium melts 
and shows sign of failure. Previous investigation on cast Al/SiCp composites [100] 
reported that under high loads (above 45N at 6.0 m/s speed), the composites fails showing 
                                                    Chapter 6 Comparison of wear data and wear mechanisms 
 
 92
severe wear. This was attributed to subsurface plastic flow and material extrusion, near 
brittle-crack initiation/propagation process due to large brittle particles, porosity, and un-
wetted particle-matrix interfaces. Similarly, investigation on the cast Mg/SiCp composites 
[99] reported that when tested under sliding speed of 5m/s under 30N load, the composites 
exhibited much higher wear rate than their monolithic counterpart. This is because of the 
debonding effect due to the poor wettability between the matrix and reinforcement, as well 
as clustering and voids resulted in reduced strength leading to poor wear properties. The 
ceramic reinforced composites were found to melt and tend to show signs of failure under 
these severe testing conditions.  
                Thus it is evident that under all sliding conditions all three composites in general 
are beneficial, with the Mg-Ni composites performing especially well under the most 
severe sliding condition. Hence the nickel composites in general are found to be useful 
thus suggesting its use in applications where light weights along with good wear properties 
is essential under severe operating conditions. Even though the titanium particulates are 
harder than nickel particulates, the titanium-reinforced composites did not show better 
mechanical properties, which also resulted in poor wear properties. Further improvement 
in manufacturing process by maintaining more uniform optimum conditions for titanium-
reinforced composites may make these as a challenge to nickel-reinforced composites in 
the future.                                         
 





      
            Pure magnesium and its composites reinforced with varying amounts of nickel, 
copper and titanium particulates ranging from 1.5-6.1 vol% for nickel, 2.2-6.6 vol% for 
copper and 2.2-5.9 vol% for titanium, were tested on a pin-on-disk wear tester under 
varying sliding speeds of 0.5, 1 2 and 5m/s under 10 and 30N loads. The conclusions made 
after the analysis of experimental results are presented as follows. 
 
• The wear rates of both pure magnesium and its composites increase when the load is    
increased from 10N to 30N. All the three composites are generally found to have better 
wear resistance than pure magnesium. 
• Four different wear mechanisms; namely, oxidation, abrasion, delamination and 
adhesion were observed in both pure magnesium and its composites under various 
sliding conditions. In addition, melt wear was seen in pure magnesium and 
magnesium-titanium composites. 
• Oxidation is dominant wear mechanism observed under mild sliding speed conditions 
for all specimens except for titanium-reinforced composites. The wear rates of both 
pure magnesium and its composites are found to be much lower than when other 
mechanisms were operative. This is due to the presence of a near-continuous oxide 
layer covering the pin surface preventing the metallic contact thus imparting better 
resistance to wear. 
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•  Abrasion wear is dominant under mild to moderate sliding conditions. Abrasion is not 
found to be as extensive in composites as in pure magnesium.  The better wear 
performance of the composites is due to the presence of hard reinforcement 
particulates in the matrix which imparts resistance to wear. 
•  Delamination wear is more significant in Mg-Ni composites under moderate and high 
sliding speeds under both 10N and 30N loads, while in both magnesium-copper and 
magnesium-titanium composites it is observed only under the higher load.  In all the 
three composites, the better wear performance is attributed to better hardness and 
strength which imparts resistance to crack formation and propagation thus preventing 
delamination of the pin surface. 
• Adhesion wear is found to be dominant under moderate to severe sliding conditions for 
all specimens. Almost all the composites exhibited better wear resistance than pure 
magnesium, especially the nickel-reinforced composites, which exhibited up to 9 fold 
increase in wear resistance. The better wear performance of all the composites is 
attributed to very good mechanical properties like hardness and strength which 
reduced the true contact area between the pin and disc, reducing adhesive transfer. 
• Melt wear is observed in pure magnesium and titanium-reinforced composites under 
the most severe sliding condition. Melt wear is less extensive in composite than pure 
magnesium because of the presence of hard titanium particulates in the matrix which 
reduced the true contact area, thus lessening the frictional heat generated during sliding 
thereby reducing the melting of magnesium matrix.  
• Comparisons made on the improvement in wear resistance for the compositions that 
have shown optimum wear performance revealed that all three composites in general 
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are beneficial, with the Mg-Ni composites performing especially well under the most 
severe sliding condition. Therefore, in general, the Mg-Ni composites are beneficial 
thus suggesting its use in applications where light weight and wear resistance are 
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                                                   CHAPTER 8 
                                            RECOMMENDATIONS 
 
1. To get even better understanding about the tribological characteristics of the 
composites, further investigations on other extrinsic parameters like 
reinforcement size and size distribution, the matrix microstructure and the 
temperature and environmental factors are needed. 
 
2. A wide range of loading conditions needed to be tested to have comprehensive 
knowledge about the effect of load on wear performance. 
 
3. Insertion of thermocouple to measure the temperature of the interfaces is 
essential as temperature is considered as an important criterion that affects wear 
properties. 
 
4. To have more reliable and error free readings, necessary improvements in the 
designing of the friction arm and the pin holder, loading systems, weighing 
methods and controlling of environmental conditions is more important. 
 
5. Analysis on the surface of the counterpart disc by using SEM or the optical 
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APPENDIX - I 
WEAR DATA RESULTS FOR PURE MAGNESIUM 
 
Date of Experiment:                 25-09-2003   
Specimen:                                 Pure Mg       
Normal Load:                           10N 
Rotational Speed:                     50rpm 
Sliding Velocity:                      0.5 m/s 
Wear track radius:                    9.55 cm 
Diameter of the specimen:        4.978mm 
 
Experimental Data for Pure Mg under 10 N   
    
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0   0.5379  22.9 55.1         - 
    3 0.5379 0.5361 0.0018 22.9 56.2 0.00103 
    6 0.5361 0.5341 0.002 22.8 55.5 0.00114 
    9 0.5341 0.5323 0.0018 22.9 55.7 0.00103 
   12 0.5323 0.5305 0.00018 23.0 54.3 0.00103 
   15 0.5305 0.5288 0.0017 22.9 53.3 0.00097 
   18 0.5288 0.5269 0.0019 22.9 52.9 0.00109 
   21 0.5269 0.5250 0.0019 22.8 52.8 0.00109 
   24 0.5250 0.5230 0.002 22.9 53.9 0.00114 
   27 0.5230 0.5212 0.0018 23.1 56.9 0.00103 
   30 0.5212 0.5194 0.0018 23.0 55.6 0.00103 
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   Mass wear rate (g/m) was calculated by plotting weight of the pin (g) vs. sliding distance 
(m) as shown in graph below. Volumetric wear rate (mm3/m) was calculated by dividing 
the mass wear rate obtained, by density of the pin x 1000. 
 
 

















y = -1.37E-05x + 0.5378
       R2 = 0.9998
 
 
Equation: y = -1.37E-05x + 0.5378 
                R2 = 0.9998 
Mass Wear Rate = 1.37E-05g/m 
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Date of Experiment:                 26-09-2003  
Specimen:                                 Pure Mg       
Normal Load:                           10N 
Rotational Speed:                     100rpm 
Sliding Velocity:                      1m/s 
Wear Track Radius:                  9.55cm 
Diameter of the specimen         4.984mm     
Experimental Data for Pure Mg under 10 N  
       
 
Equation: y = -2E-05x + 0.6063  
                R2 = 0.9811 
    Mass Wear Rate = 2E-05 g/m. 





  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0  0.6074  21.0 63.1 - 
3 0.6074 0.6036 0.0028 21.2 63.2 0.00160 
6 0.6036 0.6004 0.0032 21.6       63.0 0.00183 
9 0.6004 0.5975 0.0029 21.7 62.5 0.00166 
12 0.5975 0.5943 0.0032 21.6 62.5 0.00183 
15 0.5943 0.5914 0.0029 21.6 62.8 0.00166 
18 0.5914 0.5883 0.0031 21.5 62.6 0.00178 
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Date of Experiment:                 29-09-2003  
Specimen:                                 Pure Mg       
Normal Load:                           10N 
Rotational Speed:                     200rpm 
Sliding Velocity:                      2m/s 
Wear Track Radius:                 9.55cm    
Diameter of the specimen         4.987mm 
 
Experimental Data for Pure Mg under 10 N   
      
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0   0.6511    22.9   66.3 
3  0.6511  0.6454  0.0057   22.9   66.4  0.00327 
6  0.6454  0.6402  0.0052   23.0   66.7  0.00298 
9  0.6402  0.6343  0.0059   23.0   66.6  0.00339 
12  0.6343  0.6281  0.0062   23.0   66.7  0.00356 
15  0.6281  0.6223  0.0058   22.9   66.7  0.00333 
18  0.6223  0.6170  0.0053   22.9   66.8  0.00304 
 
Equation: y = -3E-05x + 0.6501 
                R2 = 0.9898 
     Mass Wear Rate = 3E-05 g/m 
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Date of Experiment:                 7-10-2003  
Specimen:                                 Pure Mg       
Normal Load:                           10N 
Rotational Speed:                     500rpm 
Sliding Velocity:                      5m/s 
Wear Track Radius:                 9.55cm 
Diameter of the specimen        4.985 mm   
 
Experimental Data for Pure Mg under 10 N  
       
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0    0.5840      20.7   64.7 
3   0.5840   0.5737   0.0103     20.9   64.6 0.00591 
6   0.5737   0.5599   0.0138     21.0   65.4 0.00793 
9   0.5599   0.5478   0.0121     21.0   65.2 0.00695 
12   0.5478   0.5339   0.0139     20.9   64.1 0.00798 
15   0.5339   0.5217   0.0122     20.9   64.1 0.00701 
18   0.5217   0.5096   0.0121     20.9   64.5 0.00695 
 
Equation: y = -7E-05x + 0.5851 
                 R2 = 0.9987 
     Mass Wear Rate = 7E-05 g/m 
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Date of Experiment:                8-10-2003    
Specimen:                                 Pure Mg       
Normal Load:                           30N 
Rotational Speed:                     50rpm 
Sliding Velocity:                      0.5 m/s 
Wear track radius:                     9.55 cm 
Diameter of the specimen:        4.978mm 
 
Experimental Data for Pure Mg under 30N  
       
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0   0.6436  21.7 56.4  
    3 0.6436 0.6416 0.0020 21.9 57.3 0.00114 
    6 0.6416 0.6398 0.0018 21.9 56.6 0.00103 
    9 0.6398 0.6380 0.0018 21.8 57.4 0.00103 
   12 0.6380 0.6363 0.0017 21.7 55.0 0.00097 
   15 0.6363 0.6345 0.0018 21.5 54.8 0.00103 
   18 0.6345 0.6326 0.0019 22.0 54.6 0.00109 
   21 0.6326 0.6307 0.0019 21.8 54.6 0.00109 
   24 0.6307 0.6287 0.0020 21.9 55.8 0.00114 
   27 0.6287 0.6269 0.0018 21.6 55.0 0.00103 
   30 0.6269 0.6251 0.0018 21.6 54.3 0.00103 
 
Equation: y = -1.98E-05x + 0.6430 
                 R2 = 0.9998 
       Mass Wear Rate = 1.98E-05 g/m 
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Date of Experiment:                 9-10-2003  
Specimen:                                 Pure Mg       
Normal Load:                           30N 
Rotational Speed:                     100rpm 
Sliding Velocity:                      1m/s 
Wear Track Radius:                 9.55 cm   
Diameter of the specimen         4.982 mm 
 
Experimental Data for Pure Mg under 10 N  
       
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0  0.5936 20.5 64.5 
3 0.5936 0.5905 0.0031 20.6 64.5 0.00178 
6 0.5905 0.5868 0.0037 20.6 64.2 0.00212 
9 0.5868 0.5831 0.0037 20.7 63.8 0.00212 
12 0.5831 0.5792 0.0039 20.9 63.5 0.00224 
15 0.5792 0.5753 0.0039 20.7 63.8 0.00224 
 
Equation: y = -2E-05x+0.594 
                 R2 = 0.9987 
     Mass Wear Rate = 2E-05 g/m 
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Date of Experiment:                 10-10-2003  
Specimen:                                 Pure Mg       
Normal Load:                           30N 
Rotational Speed:                     200rpm 
Sliding Velocity:                      2m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen         4.980 mm 
 
Experimental Data for Pure Mg under 30 N  
       
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0  0.6393  20.9 64.6 
3 0.6393 0.6348 0.0045 20.9 62.9 0.00258 
6 0.6348 0.6290 0.0060 21.1 63.8 0.00344 
9 0.6290 0.6233 0.0057 21.0 63.1 0.00327 
12 0.6233 0.6173 0.0060 21.0 63.0 0.00344 
15 0.6173 0.6107 0.0065 21.1 63.0 0.00373 
 
Equation: y = -3E-05x + 0.6401 
                R2 = 0.9971 
     Mass Wear Rate = 3E-05 g/m 











                                                                                                                             Appendix-I 
 
 115
Date of Experiment:                11-10-2003   
Specimen:                                 Pure Mg       
Normal Load:                           30N 
Rotational Speed:                     500rpm 
Sliding Velocity:                      5m/s 
Wear Track Radius:                  9.55cm 
Diameter of the specimen         4.981 mm 
 
 
Experimental Data for Pure Mg under 10 N 
       
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0  0.5805  20.5 64.7 
3 0.5805 0.5696 0.0109 20.4 64.6 0.00626 
6 0.5696 0.5570 0.0126 20.4 64.6 0.00724 
9 0.5570 0.5443 0.0127 20.4 64.8 0.00729 
12 0.5443 0.5316 0.0127 20.5 64.6 0.00729 
15 0.5316 0.5186 0.0130 20.5 64.6 0.00747 
 
Equation: y = -7E-05x + 0.5814 
                R2 = 0.9993 
    Mass Wear Rate = 7E-05 g/m 











WEAR DATA RESULTS FOR MAGNESIUM-NICKEL COMPSOITES 
 
Date of Experiment:                7-1-2003    
Specimen:                                Pure Mg with  1.5 vol% Ni     
Normal Load:                           10N 
Rotational Speed:                      50rpm 
Sliding Velocity:                       0.5m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.84 mm 
Experimental Data for Pure Mg with 1.5 vol% Ni under 10 N  
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volumetric 
loss (cc) 
    0   0.4789 0 23 52.6  
    3 0.4789 0.4779 0.001 23.1 52.6 0.00052 
    6 0.4779 0.4769 0.001 23 52.6 0.00052 
    9 0.4769 0.4757 0.0012 22.9 52.1 0.00062 
   12 0.4757 0.4747 0.001 22.9 51.5 0.00052 
   15 0.4747 0.4738 0.0009 23 51.8 0.00047 
   18 0.4738 0.4727 0.0011 23 52.7 0.00057 
   21 0.4727 0.4715 0.0012 22.9 52.3 0.00062 
   24 0.4715 0.4704 0.0011 22.8 53.4 0.00057 
   27 0.4704 0.4694 0.001 22.9 53.8 0.00052 
   30  0.4684 0.001 22.9 55.2 0.00052 
 
Equation: y = -1.17E-05x + 0.479 
                R2 = 0.9996 
Mass Wear Rate = 1.17E-05 g/m  
Volumetric Wear Rate = 0.0061 mm3/m 
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Date of Experiment:                16-1-2003    
Specimen:                                Pure Mg with 1.5 vol% Ni     
Normal Load:                           10N 
Rotational Speed:                      100rpm 
Sliding Velocity:                        1m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.82 mm 
Experimental Data for Pure Mg with 1.5 vol% Ni under 10 N 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volumetric 
loss (cc) 
    0   0.8126 0 21.4 55.1 0 
    3 0.8126 0.8106 0.002 21 54 0.00104 
    6 0.8106 0.8085 0.0021 21.3 54.6 0.00110 
    9 0.8085 0.8061 0.0024 21.5 55.2 0.00125 
   12 0.8061 0.8039 0.0022 21.4 54.9 0.00115 
   15 0.8039 0.8018 0.0021 21.2 54.6 0.00110 
   18 0.8018 0.7998 0.002 21.3 54.8 0.00104 
   21 0.7998 0.7979 0.0019 21.5 55.1 0.00099 
   24 0.7979 0.7956 0.0023 21.6 55.3 0.00120 
   27 0.7956 0.7934 0.0022 21.5 55 0.00115 
   30 0.7934 0.7910 0.0024 21.5 55.2 0.00125 
 
Equation: y = -1.18E-05x + 0.8127 
                R2 = 0.9996 
    Mass Wear Rate = 1.18E-05 g/m  
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Date of Experiment:                 22-1-2003   
Specimen:                                Pure Mg with  1.5 vol% Ni     
Normal Load:                           10N 
Rotational Speed:                      500rpm 
Sliding Velocity:                       5m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.90 mm 
Experimental Data for Pure Mg with1.5 vol% Ni under 10 N 
 
Equation: y = -9.71E-06x+1.0718 
                R2= 0.9981 
         Mass Wear Rate = 9.71E-06g/m  




  Time 











  (oC) 
Relative 
Humidity  
  (%) 
Volumetric 
loss (cc) 
    0   1.0722 0 22.7 53.1 0 
    3 1.0722 1.0657 0.0065 22.7 53.3 0.00341 
    6 1.0657 1.0595 0.0062 22.7 53.1 0.00325 
    9 1.0595 1.0498 0.0097 22.7 53.2 0.00509 
   12 1.0498 1.0432 0.0066 22.6 53.8 0.00346 
   15 1.0432 1.0361 0.0071 22.6 53.6 0.00372 
   18 1.0361 1.0290 0.0071 22.6 53.8 0.00372 
   21 1.0290 1.0224 0.0066 22.6 53.8 0.00346 
   24 1.0224 1.0162 0.0062 22.7 53.9 0.00325 
   27 1.0162 1.0100 0.0062 22.7 54.3 0.00325 
   30 1.0100 1.0035 0.0065 22.6 53.8 0.00341 
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Date of Experiment:                 30-3-2003   
Specimen:                                Pure Mg with  1.5 vol% Ni     
Normal Load:                           30N 
Rotational Speed:                      50rpm 
Sliding Velocity:                       0.5 m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.845 mm 
Experimental Data for Pure Mg with 1.5 vol% Ni under 30 N 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0   0.4316 0 22 56 0 
    3 0.4316 0.4304 0.0012 22.1 55.7 0.00062 
    6 0.4304 0.4293 0.0011 21.7 57.1 0.00057 
    9 0.4293 0.4279 0.0014 21.9 56.2 0.00073 
   12 0.4279 0.4266 0.0013 21.9 55.7 0.00068 
   15 0.4266 0.4253 0.0013 22 56.3 0.00068 
   18 0.4253 0.4240 0.0013 21.8 55.8 0.00068 
   21 0.4240 0.4228 0.0012 22.0 56.6 0.00062 
   24 0.4228 0.4215 0.0013 22.1 57.0 0.00068 
   27 0.4215 0.4201 0.0014 22.7 55.9 0.00073 
   30 0.4201 0.4188 0.0013 22.5 56.9 0.00068 
 
Equation: y = -1.41E-05x + 0.4317 
                R2 = 0.9997 
Mean Wear Rate = 1.41E-05g/m 
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Date of Experiment:                2-4-2003    
Specimen:                                Pure Mg with  1.5 vol% Ni     
Normal Load:                           30N 
Rotational Speed:                     100rpm 
Sliding Velocity:                       1 m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.895 mm 
Experimental Data for Pure Mg with 1.5 vol% Ni under 30 N 
 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0   0.4868 0 21.8 56.3 0 
    3 0.4868 0.4844 0.0024 21.9 55.8 0.00125 
    6 0.4844 0.4817 0.0027 21.8 56.7 0.00141 
    9 0.4817 0.4793 0.0024 21.9 56.2 0.00125 
   12 0.4793 0.4765 0.0028 21.7 57 0.00146 
   15 0.4765 0.4739 0.0026 21.6 57.5 0.00136 
   18 0.4739 0.4712 0.0027 21.7 56.4 0.00141 
   21 0.4712 0.4684 0.0028 21.7 56.9 0.00146 
   24 0.4684 0.4655 0.0029 21.7 56.7 0.00152 
   27 0.4655 0.4629 0.0026 21.6 55.9 0.00136 
   30 0.4629 0.4600 0.0029 21.8 56.4 0.00152 
 
Equation: y = -1.46E-05x + 0.4871 
                R2 = 0.9996 
Mean Wear Rate = 1.46E-05g/m 
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Date of Experiment:                 8-4-2003   
Specimen:                                Pure Mg with  1.5 vol% Ni    
Normal Load:                           30N 
Rotational Speed:                     500rpm 
Sliding Velocity:                       5 m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.873 mm 
Experimental Data for Pure Mg with 1.5 vol% Ni under 30 N 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0   0.4724 0 20.4 58.9 0 
    3 0.4724 0.4608 0.0116 20.2 57.6 0.00608 
    6 0.4608 0.4491 0.0117 20.3 58.4 0.00614 
    9 0.4491 0.4372 0.0119 20.4 58.3 0.00624 
   12 0.4372 0.4236 0.0136 20.4 58 0.00713 
   15 0.4236 0.4111 0.0125 20.5 56.4 0.00656 
   18 0.4111 0.3981 0.013 20.5 58.7 0.00682 
   21 0.3981 0.3863 0.0118 20.4 57.7 0.00619 
   24 0.3863 0.3741 0.0122 20.5 56.6 0.00640 
   27 0.3741 0.3608 0.0133 20.6 57.9 0.00698 
   30 0.3608 0.3473 0.0135 20.4 58.2 0.00708 
 
Equation: y = -1.68E-05x + 0.4736 
                R2 = 0.9997 
Mean Wear Rate = 1.68E-05g/m 
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Date of Experiment:                29-1-2003                 
Specimen:                                Pure Mg with 3.1 vol% Ni      
Normal Load:                           10N 
Rotational Speed:                      50rpm 
Sliding Velocity:                       0.5 m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.894 mm 
Experimental Data for Pure Mg with 3.1 vol% Ni under 10 N 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volumetric 
loss (cc) 
    0   0.5443 0 22.6 52.6 0 
    3 0.5443 0.5433 0.001 22.6 52.6 0.00048 
    6 0.5433 0.5425 0.0008 22.6 52.8 0.00038 
    9 0.5425 0.5416 0.0009 22.7 51.3 0.00043 
   12 0.5416 0.5402 0.0014 22.7 51.3 0.00067 
   15 0.5402 0.5392 0.001 22.7 51.4 0.00048 
   18 0.5392 0.5381 0.0011 22.5 51.3 0.00053 
   21 0.5381 0.5369 0.0012 22.6 51.1 0.00058 
   24 0.5369 0.5360 0.0009 22.5 50.1 0.00043 
   27 0.5360 0.5350 0.001 22.6 50.1 0.00048 
   30 0.5350 0.5338 0.0012 22.7 48.8 0.00058 
 
 Equation: y = -1.15E-05x + 0.5445 
                 R2 = 0.9984 
    Mass Wear Rate = 1.15E-05 g/m  
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Date of Experiment:                 4-2-2003   
Specimen:                                Pure Mg with 3.1 vol% Ni      
Normal Load:                           10N 
Rotational Speed:                      100rpm 
Sliding Velocity:                       1m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.872 mm 
Experimental Data for Pure Mg with 3.1 vol% Ni under 10 N 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volumetric 
loss (cc) 
    0   0.5441 0 21.4 56 0 
    3 0.5441 0.5419 0.0022 21.3 55.2 0.00106 
    6 0.5419 0.5394 0.0025 21.4 54.9 0.00120 
    9 0.5394 0.5371 0.0023 21.5 54.5 0.00111 
   12 0.5371 0.5348 0.0023 21.5 53.7 0.00111 
   15 0.5348 0.5325 0.0023 21.6 53.5 0.00111 
   18 0.5325 0.5304 0.0021 21.5 53.3 0.00101 
   21 0.5304 0.5279 0.0025 21.4 54.1 0.00120 
   24 0.5279 0.5255 0.0024 21.5 53.3 0.00116 
   27 0.5255 0.5233 0.0022 21.5 53.4 0.00106 
   30 0.5233 0.5210 0.0023 21.6 53.1 0.00111 
 
Equation:  y = -1.28E-05x + 0.5441 
                 R2 = 0.9999 
Mean Wear Rate = 1.28E-05 g/m 
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Date of Experiment:                10-2-2003    
Specimen:                                Pure Mg with  3.1 vol% Ni     
Normal Load:                           10N 
Rotational Speed:                      200rpm 
Sliding Velocity:                       2m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.874 mm 
Experimental Data for Pure Mg with 3.1 vol% Ni under 10 N 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volumetric 
loss (cc) 
    0   0.7433      21.8    57.9  
    3 0.7433 0.7389   0.0044     21.7    54.3 0.00212 
    6 0.7389 0.7347   0.0042     21.8    56.7 0.00203 
    9 0.7347 0.7303   0.0044     21.9    55.6 0.00212 
   12 0.7303 0.7259   0.0044     21.5    57.0 0.00212 
   15 0.7259 0.7214   0.0045     21.6    57.5 0.00217 
   18 0.7214 0.7171   0.0043     21.5    58.0 0.00207 
   21 0.7171 0.7126   0.0045     21.5    55.9 0.00217 
   24 0.7126 0.7084   0.0042     21.6    54.9 0.00203 
   27 0.7084 0.7039   0.0045     21.4    56.8 0.00217 
   30 0.7039 0.6996   0.0043     21.5    57.3 0.00207 
 
Equation: y = - 1.158E-05x + 0.5853 
                R2 = 0.9999 
Mean Wear Rate = 1.158E-05 g/m 
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Date of Experiment:                18-2-2003    
Specimen:                                Pure Mg with 3.1 vol% Ni      
Normal Load:                           10N 
Rotational Speed:                      500rpm 
Sliding Velocity:                       5m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.89 mm 
Experimental Data for Pure Mg with 3.1 vol% Ni under 10 N 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volumetric 
loss (cc) 
    0   0.8759 0 22.6 56.3 0 
    3 0.8759 0.8687 0.0072 22.5 53.9 0.00348 
    6 0.8687 0.8616 0.0071 22.6 55.6 0.00343 
    9 0.8616 0.8545 0.0071 22.9 52.7 0.00343 
   12 0.8545 0.8480 0.0065 22.9 54.1 0.00314 
   15 0.8480 0.8417 0.0063 22.8 52.7 0.00304 
   18 0.8417 0.8344 0.0073 22.8 52.3 0.00352 
   21 0.8344 0.8277 0.0067 22.6 55.3 0.00323 
   24 0.8277 0.8209 0.0068 22.6 54.9 0.00328 
   27 0.8209 0.8144 0.0065 22.6 54.5 0.00314 
   30 0.8144 0.8071 0.0073 22.5 53.6 0.00352 
 
Equation:   y = -8E-06x + 0.8755 
                  R2 = 0.9998 
Mass Wear Rate = 8E-06 g/m 
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Date of Experiment:                 25-2-2003   
Specimen:                                Pure Mg with 3.1 vol% Ni      
Normal Load:                           10N 
Rotational Speed:                      700rpm 
Sliding Velocity:                       7m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.854 mm 
Experimental Data for Pure Mg with 3.1 vol% Ni under 10 N 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volumetric 
loss (cc) 
    0   0.4739     21.7    57.9  
    3 0.4739 0.4607   0.0132    21.5    56.6 0.00638 
    6 0.4607 0.4478   0.0129    21.3    58.4 0.00623 
    9 0.4478 0.4343   0.0135    21.3    58.0 0.00652 
   12        -         -      -       -      -  
   15        -         -      -       -      -  
   18        -         -      -       -      -  
   21        -         -      -       -      -  
   24        -         -      -       -      -  
   27        -         -      -       -      -  
   30        -         -      -       -      -  
 
Equation: y = -9.23E-06x + 0.5739 
                R2= 1 
Mean Wear Rate = 9.23E-06 g/m 
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Date of Experiment:                 16-4-2003 
Specimen:                                Pure Mg with 3.1 vol% Ni      
Normal Load:                           30N 
Rotational Speed:                     50rpm 
Sliding Velocity:                       0.5 m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.9 mm 
Experimental Data for Pure Mg with 3.1 vol% Ni under 30 N 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0   0.6380 0 22.3 57.9 0 
    3 0.6380 0.6362 0.0018 22.2 56.7 0.00087 
    6 0.6362 0.6342 0.002 22.2 56.4 0.00096 
    9 0.6342 0.6324 0.0018 22.3 56.7 0.00087 
   12 0.6324 0.6305 0.0019 22.3 57.2 0.00091 
   15 0.6305 0.6287 0.0018 22.2 57.4 0.00087 
   18 0.6287 0.6268 0.0019 22.2 57.1 0.00091 
   21 0.6268 0.6249 0.0019 22.2 56.8 0.00091 
   24 0.6249 0.6230 0.0019 22.2 57.0 0.00091 
   27 0.6230 0.6210 0.002 22.1 57.4 0.00096 
   30 0.6210 0.6192 0.0018 22.3 57.6 0.00087 
 
Equation: y = -2.08E-05x + 0.6380 
                R2 = 0.9999  
Mean Wear Rate = 2.08E-05g/m 
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Date of Experiment:                22-4-2003    
Specimen:                                Pure Mg with 3.1 vol% Ni      
Normal Load:                           30N 
Rotational Speed:                     100rpm 
Sliding Velocity:                       1 m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.9 mm 
Experimental Data for Pure Mg with 3.1 vol% Ni under 30 N 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0   0.6014 0 22.1 56.5 0 
    3 0.6014 0.5983 0.0031 22.2 57.2 0.00149 
    6 0.5983 0.5950 0.0033 22.1 56.6 0.00159 
    9 0.5950 0.5916 0.0034 22.2 56.3 0.00164 
   12 0.5916 0.5880 0.0036 22.2 56.5 0.00174 
   15 0.5880 0.5843 0.0037 22.2 55.6 0.00178 
   18 0.5843 0.5808 0.0035 22.2 56.3 0.00169 
   21 0.5808 0.5774 0.0034 22.1 56.7 0.00164 
   24 0.5774 0.5741 0.0033 22.1 56.4 0.00159 
   27 0.5741 0.5707 0.0034 22.3 56.0 0.00164 
   30 0.5707 0.5675 0.0032 22.2 56.4 0.00154 
 
Equation: y = -1.88E-05x+0.6017 
                R2 = 0.9997 
Mean Wear Rate = 1.88E-05g/m 
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Date of Experiment:                6-6-2003    
Specimen:                                Pure Mg with 3.1 vol% Ni      
Normal Load:                           30N 
Rotational Speed:                     200rpm 
Sliding Velocity:                       2 m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.832 mm 
Experimental Data for Pure Mg with 3.1 vol% Ni under 30 N 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0   0.7295       -      21.3    57.3  
    3 0.7295 0.7241    0.0054      21.2    56.8  0.00261 
    6 0.7241 0.7176    0.0065      21.4    57.4  0.00314 
    9 0.7176 0.7110    0.0066      21.4    57.6  0.00319 
   12 0.7110 0.7055    0.0055      21.6    57.0  0.00265 
   15 0.7055 0.6991    0.0064      21.5    57.0  0.00309 
   18 0.6991 0.6936    0.0055      21.7    56.6  0.00265 
   21 0.6936 0.6875    0.0061      21.8    57.7  0.00294 
   24 0.6875 0.6810    0.0065      21.8    57.5  0.00314 
   27 0.6810 0.6754    0.0056      21.8    57.6  0.00270 
   30 0.6754 0.6689    0.0065      22.0    57.3  0.00314 
 
Equation: y = -1.683E-05x+0.7297 
                R2 = 0.9998 
Mean Wear Rate = 1.683E-05g/m 
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Date of Experiment:                 10-6-2003   
Specimen:                                Pure Mg with 3.1 vol% Ni      
Normal Load:                           30N 
Rotational Speed:                     500rpm 
Sliding Velocity:                       5 m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.898 mm 
Experimental Data for Pure Mg with 3.1 vol% Ni under 30 N 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0   0.7721 0 21.0 57.5 0 
    3 0.7721 0.7605 0.0116 21.0 58.2 0.00560 
    6 0.7605 0.7480 0.0125 21.2 57.6 0.00604 
    9 0.7480 0.7357 0.0123 21.2 57.7 0.00594 
   12 0.7357 0.7231 0.0126 21.0 58.3 0.00609 
   15 0.7231 0.7108 0.0123 21.3 58.0 0.00594 
   18 0.7108 0.6992 0.0116 21.2 56.3 0.00560 
   21 0.6992 0.6881 0.0111 21.2 55.8 0.00536 
   24 0.6881 0.6754 0.0127 21.2 57.4 0.00614 
   27 0.6754 0.6630 0.0124 21.1 57.9 0.00599 
   30 0.6630 0.6515 0.0115 21.3 55.8 0.00556 
 
Equation: y = -1.51E-05x + 0.772 
                R2 = 0.9999 
Mean Wear Rate = 1.51E-05g/m 
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Date of Experiment:                 16-6-2003   
Specimen:                                Pure Mg with 3.1 vol% Ni      
Normal Load:                           30N 
Rotational Speed:                     700rpm 
Sliding Velocity:                       7 m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.884 mm 
Experimental Data for Pure Mg with 3.1 vol% Ni under 30 N 
 
 
Equation: y = -1.656E-05x + 0.5273 
                R2 = 1 
Mean Wear Rate = 1.656E-05g/m 





  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0   0.5274     21.4    57.6      - 
    3 0.5274 0.5063   0.0211    21.3    58.9 0.01020 
    6 0.5063 0.4854   0.0209    21.3    56.6 0.01010 
    9 0.4854 0.4648   0.0206    21.4    57.1 0.00996 
   12       -       -       -       -       -  
   15       -       -       -       -       -  
   18       -       -       -       -       -  
   21       -       -       -       -       -  
   24       -       -       -       -       -  
   27       -       -       -       -       -  
   30       -       -       -       -       -  
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Date of Experiment:                6-3-2003    
Specimen:                                Pure Mg with 6.1 vol% Ni      
Normal Load:                           10N 
Rotational Speed:                      50rpm 
Sliding Velocity:                       0.5 m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.9 mm 
Experimental Data for Pure Mg with 6.1 vol% Ni under 10 N 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volumetric 
loss (cc) 
    0   
0.6816 0 22.9 55.7 
 
0 
    3 0.6816 0.6804 0.0012 22.7 55.2 0.00050 
    6 0.6804 0.6791 0.0013 22.6 54.3 0.00054 
    9 0.6791 0.6772 0.0019 22.6 53.8 0.00079 
   12 0.6772 0.6755 0.0017 22.9 56.3 0.00071 
   15 0.6755 0.6736 0.0019 23.1 57.5 0.00079 
   18 0.6736 0.6721 0.0015 23.1 55.6 0.00062 
   21 0.6721 0.6705 0.0016 23.2 54.8 0.00067 
   24 0.6705 0.6690 0.0015 23.1 53.7 0.00062 
   27 0.6690 0.6673 0.0017 23 53.4 0.00071 
   30 0.6673 0.6659 0.0014 23.1 53.3 0.00058 
 
Equation: y = -1.74E-05x + 0.6819 
                R2 = 0.9986 
Mean Wear Rate = 1.74E-05g/m 
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Date of Experiment:                12-3-2003    
Specimen:                                Pure Mg with 6.1 vol% Ni      
Normal Load:                           10N 
Rotational Speed:                      100rpm 
Sliding Velocity:                       1 m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.895 mm 
Experimental Data for Pure Mg with 6.1 vol% Ni under 10 N 
  Time 









  (oC) 
Relative 
Humidity  




    0   0.6957 0 22.3 54.4 0 
    3 0.6957 0.6928 0.0029 22.3 54 0.00121 
    6 0.6928 0.6891 0.0037 22.5 53.9 0.00155 
    9 0.6891 0.6859 0.0032 22.4 52.8 0.00134 
   12 0.6859 0.6821 0.0038 22.2 51.2 0.00159 
   15 0.6821 0.6787 0.0034 22.3 51 0.00142 
   18 0.6787 0.6754 0.0033 22.5 50.8 0.00138 
   21 0.6754 0.6723 0.0031 22.4 49.7 0.00130 
   24 0.6723 0.6686 0.0037 22.5 51 0.00155 
   27 0.6686 0.6654 0.0032 22.5 50.8 0.00134 
   30 0.6654 0.6614 0.004 22.6 51.2 0.00167 
 
Equation: y = -1.90E-05x + 0.696 
                 R2 = 0.9996 
Mean Wear rate = 1.90E-05g/m 
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Date of Experiment:                 21-3-2003   
Specimen:                                Pure Mg with 6.1 vol% Ni      
Normal Load:                           10N 
Rotational Speed:                      500rpm 
Sliding Velocity:                       5 m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.859 mm 
Experimental Data for Pure Mg with 6.1 vol% Ni under 10 N 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volumetric 
loss (mm3) 
    0   0.6716 0 22.9 53.5 0 
    3 0.6716 0.6618 0.0098 22.9 53.5 0.00411 
    6 0.6618 0.6511 0.0107 22.9 53.8 0.00449 
    9 0.6511 0.6395 0.0116 22.8 53.6 0.00486 
   12 0.6395 0.6286 0.0109 22.8 54.2 0.00457 
   15 0.6286 0.6164 0.0122 22.7 53.5 0.00511 
   18 0.6164 0.605 0.0114 22.8 53.2 0.00478 
   21 0.605 0.5939 0.0111 22.9 54.2 0.00465 
   24 0.5939 0.5832 0.0107 22.8 53.6 0.00449 
   27 0.5832 0.5732 0.01 22.9 53.5 0.00419 
   30 0.5732 0.5627 0.0105 22.7 53.6 0.00440 
 
Equation: y = -1.32E-05x + 0.6312 
                R2 = 0.9994 
Mean Wear Rate = 1.32E-05 g/m 
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Date of Experiment:                 21-6-2003   
Specimen:                                Pure Mg with  6.1 vol% Ni     
Normal Load:                           30N 
Rotational Speed:                     50rpm 
Sliding Velocity:                       0.5 m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.892 mm 
Experimental Data for Pure Mg with 6.1 vol% Ni under 30 N 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0   0.5690 0 21.9 56.2 0 
    3 0.5690 0.5665 0.0025 22 54.5 0.00104 
    6 0.5665 0.5635 0.003 21.9 54 0.00125 
    9 0.5635 0.5605 0.003 22.6 57.8 0.00125 
   12 0.5605 0.5574 0.0031 22.4 54.4 0.00130 
   15 0.5574 0.5542 0.0032 22.1 56.5 0.00134 
   18 0.5542 0.5513 0.0029 22.3 54.8 0.00121 
   21 0.5513 0.5482 0.0031 22.1 52.8 0.00130 
   24 0.5482 0.5453 0.0029 21.9 53.8 0.00121 
   27 0.5453 0.5422 0.0031 22 55.2 0.00130 
   30 0.5422 0.5395 0.0027 22.2 54.6 0.00113 
 
Equation: y = -3.29E-05x + 0.5693 
                R2 = 0.9997 
Mean Wear Rate = 3.29E-05g/m 
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Date of Experiment:                26-6-2003    
Specimen:                                Pure Mg with 6.1 vol% Ni     
Normal Load:                           30N 
Rotational Speed:                     100rpm 
Sliding Velocity:                       1 m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.872 mm 
Experimental Data for Pure Mg with 6.1 vol% Ni under 30 N 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0   0.6148 0 21.9 59.3 0 
    3 0.6148 0.6093 0.0055 21.9 58.8 0.00230 
    6 0.6093 0.6036 0.0057 22.5 61.2 0.00239 
    9 0.6036 0.5975 0.0061 22.8 61.4 0.00255 
   12 0.5975 0.5913 0.0062 22.4 58.2 0.00260 
   15 0.5913 0.5849 0.0064 22.3 58.6 0.00268 
   18 0.5849 0.5787 0.0062 22.1 56.4 0.00260 
   21 0.5787 0.5724 0.0063 22.8 59.8 0.00264 
   24 0.5724 0.5660 0.0064 22.5 57.2 0.00268 
   27 0.5660 0.5598 0.0062 22.2 58.8 0.00260 
   30 0.5598 0.5534 0.0064 22.1 59.5 0.00268 
 
Equation: y = -3.38E-05x + 0.6156 
                R2 = 0.9997 
Mean Wear Rate = 3.38E-05g/m 
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Date of Experiment:                30-6-2003    
Specimen:                                Pure Mg with  6.1 vol% Ni    
Normal Load:                           30N 
Rotational Speed:                     500rpm 
Sliding Velocity:                      5 m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.882 mm 
Experimental Data for Pure Mg with 6.1 vol% Ni under 30 N 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0   0.6326 0 22.2 56 0 
    3 0.6326 0.6129 0.0197 22.2 57 0.00826 
    6 0.6129 0.5911 0.0218 22.3 56.9 0.00914 
    9 0.5911 0.5678 0.0233 22.4 57.1 0.00977 
   12 0.5678 0.5458 0.022 22.5 56 0.00923 
   15 0.5458 0.5268 0.019 22.4 56.6 0.00797 
   18 0.5268 0.5077 0.0191 22.4 56.8 0.00801 
   21 0.5077 0.4880 0.0197 22.4 56.2 0.00826 
   24 0.4880 0.4678 0.0202 22.2 57.2 0.00847 
   27 0.4678 0.4479 0.0199 22.2 56.4 0.00835 
   30 0.4479 0.4267 0.0212 22.3 56.8 0.00889 
 
Equation: y = -2.32E-05x + 0.6312 
                R2 = 0.9994 
Mean Wear Rate = 2.32E-05 g/m 










WEAR DATA RESULTS FOR MAGENSIUM-COPPER COMPOSITES 
 
 
Date of Experiment:                4-7-2003   
Specimen:                                Pure Mg with 2.1 vol% Cu      
Normal Load:                           10N 
Rotational Speed:                      50rpm 
Sliding Velocity:                       0.5m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.895mm 
Experimental Data for Pure Mg with 2.1 vol% Cu under 10 N  
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0      -    0.8859     -    22.2   66.3     - 
    3 0.8859 0.8842 0.0017    22.2   60.7 0.00089 
    6 0.8842 0.8823 0.0019    22.4   59.3 0.00100 
    9 0.8823 0.8806 0.0017    22.5   58.8 0.00089 
   12 0.8806 0.8786 0.0020    22.4   58.8 0.00105 
   15 0.8786 0.8767 0.0019    22.7   59.0 0.00100 
   18 0.8767 0.8749 0.0018    22.8   58.9 0.00094 
   21 0.8749 0.8732 0.0017    22.8   57.7 0.00089 
   24 0.8732 0.8716 0.0016    22.8   55.8 0.00084 
   27 0.8716 0.8700 0.0016    23.1   54.8 0.00084 
   30 0.8700 0.8685 0.0015    23.2   54.1 0.00079 
 
Equation: y = -1E-05x + 0.8858 
                R2 = 0.9988 
     Mass Wear Rate = 1E-05 g/m 
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Date of Experiment:                 9-7-2003 
Specimen:                                 Pure Mg with 2.1 vol% Cu      
Normal Load:                           10N 
Rotational Speed:                     100rpm 
Sliding Velocity:                      1m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.978mm 
 
Experimental Data for Pure Mg with 2.1 vol% Cu under 10 N  
     
  Time 












  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0      -     0.6880      -    22.4    52.1      - 
    3  0.6880  0.6847 0.0033    22.4    52.1  0.00173 
    6  0.6847  0.6814 0.0033    22.3    50.5  0.00173 
    9  0.6814  0.6780 0.0034    22.3    49.8  0.00178 
   12  0.6780  0.6746 0.0034    22.6    50.1  0.00178 
   15  0.6746  0.6713 0.0033    22.5    49.8  0.00173 
   18  0.6713  0.6680 0.0033    22.6    48.8  0.00173 
   21  0.6680  0.6653 0.0027    22.6    48.8  0.00142 
   24  0.6653  0.6619 0.0034    22.8    48.8  0.00178 
   27  0.6619  0.6587 0.0032    22.9    48.2  0.00168 




 0.6555 0.0032    22.7    47.7  0.00168 
 
Equation: y = -2E-05x + 0.6878 
                R2 = 0.9997 
    Mass Wear Rate = 2E-05 g/m 
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Date of Experiment:                14-7-2003 
Specimen:                                Pure Mg with  2.1 vol% Cu      
Normal Load:                           10N 
Rotational Speed:                      200rpm 
Sliding Velocity:                       2m/s 
Wear Track Radius:                   9.55 cm 
Diameter of the specimen:         4.982 mm 
Experimental Data for Pure Mg with 2.1 vol% Cu under 10 N  
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0          - 0.6450         - 20.5 64.7 - 
    3 0.6450 0.6399 0.0051 20.5 64.7 0.002688
    6 0.6399 0.6341 0.0058 20.5 64.6 0.003057
    9 0.6341 0.6281 0.0060 20.6 64.2 0.003163
   12 0.6281 0.6224 0.0057 20.6 64.2 0.003005
   15 0.6224 0.6161 0.0063 20.7 63.8 0.003321
 
Equation: y = -3E-05x + 0.6454 
                 R2 = 0.9992 
Mass Wear Rate = 3E-05 g/m 
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Date of Experiment:                 18-7-2003  
Specimen:                                Pure Mg with  2.1 vol% Cu      
Normal Load:                           10N 
Rotational Speed:                      500rpm 
Sliding Velocity:                       5m/s 
Wear Track Radius:                   9.55 cm 
Diameter of the specimen:        4.982mm 
Experimental Data for Pure Mg with 2.1 vol% Cu under 10 N 
 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0       -      0.6445      -    22.1   53.8      - 
    3   0.6445   0.6380  0.0065    22.2   53.1 0.00324 
    6   0.6380   0.6290  0.0090    22.4   54.2 0.00474 
    9   0.6290   0.6199  0.0091    22.4   53.9 0.00479 
   12   0.6199   0.6091  0.0108    22.6   52.2 0.00569 
   15   0.6091   0.5989  0.0102    22.8   53.5 0.00537 
   18   0.5989   0.5867  0.0122    22.7   52.5 0.00643 
   21   0.5867   0.5779  0.0088    22.8   53.4 0.00463 
   24   0.5779   0.5653  0.0126    22.7   54.2 0.00664 
   27   0.5653   0.5554  0.0099    22.7   54.1 0.00521 
   30   0.5554   0.5452  0.0102    22.8   54.6 0.00537 
 
Equation: y = -6E-05x + 0.6484 
                R2 = 0.9973 
    Mass Wear Rate = 6E-05 g/m 
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Date of Experiment:                22-7-2003 
Specimen:                                Pure Mg with 2.1 vol% Cu      
Normal Load:                           30N 
Rotational Speed:                     50rpm 
Sliding Velocity:                      0.5m/s 
Wear Track Radius:                 9.55 cm 
Diameter of the specimen:       4.90mm   
 
Experimental Data for Pure Mg with 2.1 vol% Cu under 30 N 
 
 Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0      -      0.6224     21.1   57.9  
    3   0.6224   0.6212 0.0012    21.1   57.9 0.00063 
    6   0.6212   0.6199 0.0013    21.4   57.2 0.00068 
    9   0.6199   0.6186 0.0013    21.3   57.2 0.00068 
   12   0.6186   0.6171 0.0015    21.4   56.2 0.00079 
   15   0.6171   0.6159 0.0012    21.5   54.9 0.00063 
   18   0.6159   0.6147 0.0012    21.5   54.5 0.00063 
   21   0.6147   0.6130 0.0017    21.7   57.5 0.00089 
   24   0.6130   0.6114 0.0016    21.7   57.6 0.00084 
   27   0.6114   0.6097 0.0017    21.6   58.3 0.00089 
   30   0.6097   0.6079 0.0018    21.9   57.9 0.00094 
 
Equation: y = -8E-06x + 0.6228 
                R2 = 0.9959 
    Mass Wear Rate = 8E-06 g/m 
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Date of Experiment:                29-7-2003 
Specimen:                                Pure Mg with  2.1 vol% Cu     
Normal Load:                           30N 
Rotational Speed:                     100rpm 
Sliding Velocity:                      1m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:         4.84mm 
 
Experimental Data for Pure Mg with 2.1 vol% Cu under 30 N 
 
 Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0      -      0.6721     19.3   55.5  
    3   0.6721   0.6697  0.0024    19.4   56.5 0.00126 
    6   0.6697   0.6665  0.0032    19.4   52.1 0.00168 
    9   0.6665   0.6634  0.0031    19.5   51.0 0.00163 
   12   0.6634   0.6600  0.0034    20.1   51.1 0.00179 
   15   0.6600   0.6561  0.0039    20.0   51.8 0.00205 
   18   0.6561   0.6522  0.0039    19.9   52.2 0.00205 
   21   0.6522   0.6485  0.0037    20.2   53.5 0.00195 
   24   0.6485   0.6448  0.0037    20.1   54.6 0.00195 
   27   0.6448   0.6412  0.0036    20.1   51.9 0.00189 
   30   0.6412   0.6374  0.0038    20.2   52.2 0.00200 
 
Equation: y = -2E-05x + 0.6734 
                R2 = 0.9976 
Mass Wear Rate = 2E-05 g/m 
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Date of Experiment:                6-8-2003  
Specimen:                                Pure Mg with 2.1 vol% Cu       
Normal Load:                            30N 
Rotational Speed:                      200rpm 
Sliding Velocity:                       2m/s 
Wear Track Radius:                   9.55 cm 
Diameter of the specimen:        4.69mm 
Experimental Data for Pure Mg with 2.1 vol% Cu under 30 N 
 
 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0 - 0.6240 - 20.3 65.2 - 
3 0.6240 0.6179 0.0061 20.3 65.2 0.003216
6 0.6179 0.6116 0.0063 20.2 65.3 0.003321
9 0.6116 0.6057 0.0059 20.3 65.0 0.003111
12 0.6057 0.5999 0.0058 20.4 64.5 0.003058
15 0.5999 0.5935 0.0064 20.4 64.6 0.003374
 
Equation: y = -3E-05x + 0.6239 
                R2 = 0.9998 
    Mass Wear Rate = 3E-05 g/m 
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Date of Experiment:                12-8-2003  
Specimen:                                Pure Mg with  2.1 vol% Cu     
Normal Load:                           30N 
Rotational Speed:                     500rpm 
Sliding Velocity:                      5m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.69mm 
 
Experimental Data for Pure Mg with 2.1 vol% Cu under 10 N 
 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0      -      0.5701     21.5   53.3  
    3   0.5701   0.5588  0.0113    21.3   53.5 0.00595 
    6   0.5588   0.5442  0.0146    21.4   52.6 0.00769 
    9   0.5442   0.5303  0.0139    21.5   52.5 0.00732 
   12   0.5303   0.5171  0.0132    21.5   52.4 0.00695 
   15   0.5171   0.5039  0.0132    21.2   52.6 0.00695 
 
Equation: y = -7E-05x + 0.571 
                R2 = 0.9992 
    Mass Wear Rate = 7E-05 g/m 
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Date of Experiment:                21-8-2003  
Specimen:                                Pure Mg with 4.1 vol% Cu      
Normal Load:                            10N 
Rotational Speed:                      50rpm 
Sliding Velocity:                       0.5m/s 
Wear Track Radius:                   9.55 cm 
Diameter of the specimen:         4.84mm 
Experimental Data for Pure Mg with 4.1 vol% Cu under 10 N 
 
 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0      -      0.7501     22.4   52.1  
    3   0.7501   0.7492  0.0018    22.4   52.1 0.000856 
    6   0.7492   0.7483  0.0020    22.4   52.6 0.000951 
    9   0.7483   0.7472  0.0021    22.5   52.0 0.000998 
   12   0.7472   0.7462  0.0010    22.3   52.5 0.000475 
   15   0.7462   0.7449  0.0013    22.1   53.2 0.000618 
   18   0.7449   0.7438  0.0010    22.4   52.6 0.000475 
   21   0.7438   0.7427  0.0011    22.2   52.2 0.000523 
   24   0.7427   0.7415  0.0012    22.2   52.1 0.000570 
   27   0.7415   0.7404  0.0011    22.2   51.9 0.000523 
   30   0.7404   0.7392  0.0012    22.1   51.9 0.000570 
 
Equation: y = -5E-06x + 0.7494 
                 R2 = 0.9886 
    Mass Wear Rate = 5E-06g/m      
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Date of Experiment:                28-8-2003  
Specimen:                                Pure Mg with  4.1 vol% Cu      
Normal Load:                            10N 
Rotational Speed:                      100rpm 
Sliding Velocity:                       1m/s 
Wear Track Radius:                   9.55 cm 
Diameter of the specimen:         4.92mm  
Experimental Data for Pure Mg with 4.1 vol% Cu under 10 N 
 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0      -       0.7179  21.9 50.3  
    3    0.7179    0.7163 0.0016 21.5 50.2 0.00076 
    6    0.7163    0.7144 0.0019 21.9 50.5 0.00090 
    9    0.7144    0.7124 0.002 22.5 43.3 0.00095 
   12    0.7124    0.7105 0.0019 22.8 42.6 0.00090 
   15    0.7105 0.7083 0.0022 22.7      42.0 0.00104 
   18    0.7083 0.7063     0.0020 22.9      46.0 0.00095 
   21    0.7063 0.7037 0.0026 22.8      47.0 0.00123 
   24    0.7037 0.7014 0.0023 22.9 50.5 0.00109 
   27    0.7014 0.6988 0.0026 22.6 50.7 0.00123 
   30    0.6988 0.6964 0.0024 22.9 50.6 0.00114 
 
Equation: y = -1E-05x + 0.7187 
                R2 = 0.996 
Mass Wear Rate     = 1E-05g/m  
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Date of Experiment:                4-9-2003  
Specimen:                                Pure Mg with 4.1 vol% Cu       
Normal Load:                            10N 
Rotational Speed:                      200rpm 
Sliding Velocity:                       2m/s 
Wear Track Radius:                   9.55 cm 
Diameter of the specimen:         4.82mm  
 
Experimental Data for Pure Mg with 4.1 vol% Cu under 10 N 
 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0         - 0.6604       - 20.6 63.8       - 
3 0.6604 0.6567 0.0037 20.6 63.8 0.001759
6 0.6567 0.6515 0.0052 20.8 63.4 0.002473
9 0.6515 0.6459 0.0056 20.8 63.2 0.002663
12 0.6459 0.6405 0.0054 20.9 62.9 0.002568
15 0.6405 0.6348 0.0057 21.0 62.7 0.002710
 
Equation: y = -3E-05x + 0.6613 
                R2 = 0.9962 
    Mass Wear Rate = 3E-05 g/m 
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Date of Experiment:                10-9-2003  
Specimen:                                Pure Mg with 4.1 vol% Cu      
Normal Load:                            10N 
Rotational Speed:                      500rpm 
Sliding Velocity:                       5m/s 
Wear Track Radius:                   9.55 cm 
Diameter of the specimen:         4.82mm  
 
Experimental Data for Pure Mg with 4.1 vol% Cu under 10 N 
 
 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0      -      0.6875     20.5   53.3 0.004233 
    3   0.6875   0.6786  0.0089    20.7   51.9 0.001712 
    6   0.6786   0.6750  0.0036    20.4   51.2 0.004043 
    9   0.6750   0.6665  0.0085    20.5   50.5 0.005803 
   12   0.6665   0.6543  0.0122    20.6   57.2 0.005565 
   15   0.6543   0.6426  0.0117    21.5   56.2 0.005327 
   18   0.6426   0.6314  0.0112    21.6   55.8 0.005042 
   21   0.6314   0..6208  0.0106    21.9   56.2 0.006802 
   24   0..6208   0.6065  0.0143    21.7   55.9 0.005422 
   27   0.6065   0.5951  0.0114    21.6   51.9 0.005993 
   30   0.5951   0.5706  0.0126    21.9   52.2 0.005660 
 
Equation: y = -6E-05x + 0.6937 
                R2 = 0.9891 
Mass Wear Rate = 6E-05 g/m 
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Date of Experiment:                 18-9-2003  
Specimen:                                Pure Mg with 4.1 vol% Cu      
Normal Load:                            30N 
Rotational Speed:                      50rpm 
Sliding Velocity:                       0.5m/s 
Wear Track Radius:                   9.55 cm 
Diameter of the specimen:        4.84mm 
 
Experimental Data for Pure Mg with 4.1 vol% Cu under 30 N 
 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0      -      0.7343     21.8   55.8  
    3   0.7343   0.7326  0.0017    21.9   55.9 0.000808 
    6   0.7326   0.7306  0.0012    22.1   58.2 0.000951 
    9   0.7306   0.7287  0.0019    22.1   58.2 0.000903 
   12   0.7287   0.7271  0.0016    22.0   58.0 0.000761 
   15   0.7271   0.7252  0.0019    22.1   57.8 0.000903 
 
Equation: y = -1E-05x + 0.7343 
                 R2 = 0.9993 
Mass Wear rate = 1E-05g/m 
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Date of Experiment:                26-9-2003  
Specimen:                                Pure Mg with 4.1 vol% Cu      
Normal Load:                            30N 
Rotational Speed:                      100rpm 
Sliding Velocity:                       1m/s 
Wear Track Radius:                   9.55 cm 
Diameter of the specimen:        4.92mm 
 
Experimental Data for Pure Mg with 4.1 vol% Cu under 30 N 
 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0      -      0.6957     21.1   48.2  
    3   0.6957   0.6924  0.0033    21.0   48.8 0.001569 
    6   0.6924   0.6889  0.0035    21.1   51.0 0.001664 
    9   0.6889   0.6852  0.0037    22.5   55.7 0.001759 
   12   0.6852   0.6811  0.0041    22.0   55.3 0.001950 
   15   0.6811   0.6773  0.0038    22.3   55.6 0.001807 
 
Equation: y = -2E-05x + 0.696 
                R2 = 0.9986 
Mass Wear Rate = 2E-05 g/m 
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Date of Experiment:                 29-9-2003              
Specimen:                                Pure Mg with 4.1 vol% Cu      
Normal Load:                            30N 
Rotational Speed:                      200rpm 
Sliding Velocity:                       2m/s 
Wear Track Radius:                   9.55 cm 
Diameter of the specimen:        4.87mm 
Experimental Data for Pure Mg with 4.1 vol% Cu under 30 N 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0  0.7173  21.2 63.2       - 
3 0.7173 0.7118 0.0055 21.3 62.7 0.002616
6 0.7118 0.7055 0.0063 21.4 62.3 0.002997
9 0.7055 0.7001 0.0054 21 62.7 0.002569
12 0.7001 0.6937 0.0064 21.1 62.4 0.003044
15 0.6937 0.6873 0.0064 21 62.4 0.003044
18 0.6873 0.6803 0.007 21 62.5 0.00333
 
Equation: y = -3E-05x + 0.7178 
                R2 = 0.9986 
     Mass Wear Rate = 3E-05 g/m 







                                                                                                                            Appendix-III 
 
 153
Date of Experiment:                 6-10-2003              
Specimen:                                Pure Mg with 4.1 vol% Cu      
Normal Load:                            30N 
Rotational Speed:                      500rpm 
Sliding Velocity:                       5m/s 
Wear Track Radius:                   9.55 cm 
Diameter of the specimen:        4.87mm 
Experimental Data for Pure Mg with 4.1 vol% Cu under 30 N 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0      -      0.7072     21.8   58.1  
    3   0.7072   0.6940  0.0132    21.6   56.0 0.006278
    6   0.6940   0.6784  0.0156    21.7   55.2 0.007420
    9   0.6784   0.6635  0.0149    21.9   52.2 0.007087
   12   0.6635   0.6476  0.0159    21.8   52.8 0.007563
   15   0.6476   0.6327  0.0149    21.5   55.4 0.007087
 
Equation: y = -8E-05x + 0.7082 
                 R2 = 0.9994 
Mass Wear Rate     = 8E-05g/m 
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Date of Experiment:              13-10-2003 
Specimen:                                Pure Mg with 6.6 vol% Cu      
Normal Load:                            10N 
Rotational Speed:                      50rpm 
Sliding Velocity:                       0.5m/s 
Wear Track Radius:                   9.55 cm 
Diameter of the specimen:        4.89mm 














  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0      -      0.8882     27.1   50.4  
    3   0.8882   0.8868  0.0014    27.2   50.3 0.000625 
    6   0.8868   0.8856  0.0012    21.1   49.7 0.000535 
    9   0.8856   0.8843  0.0013    21.2   49.3 0.00058 
   12   0.8843   0.8831  0.0012    21.1   48.3 0.000535 
   15   0.8831   0.8819  0.0012    21.4   48.8 0.000535 
   18   0.8819   0.8805  0.0014    21.4   47.8 0.000625 
   21   0.8805   0.8792  0.0013    21.5   46.5 0.00058 
   24   0.8792   0.8780  0.0012    21.5   46.4 0.000535 
   27   0.8780   0.8768  0.0012    21.6   46.7 0.000535 
   30   0.8768   0.8755  0.0013    21.6   46.5 0.000580 
 
  Equation: y = -7E-06x + 0.8881 
                R2 = 0.9998 
 Mass Wear Rate     = 7E-06g/m                   
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Date of Experiment:                 22-10-2003      
Specimen:                                Pure Mg with 6.6 vol% Cu      
Normal Load:                            10N 
Rotational Speed:                      100rpm 
Sliding Velocity:                       1m/s 
Wear Track Radius:                   9.55 cm 
Diameter of the specimen:        4.90mm 
 
Experimental Data for Pure Mg with 6.6 vol% Cu under 10 N 
 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0      -      0.8429     22.5   52.8  
    3   0.8429   0.8407  0.0022    22.4   51.7 0.000982 
    6   0.8407   0.8379  0.0028    22.6   51.8 0.001250 
    9   0.8379   0.8348  0.0031    22.5   50.5 0.001384 
   12   0.8348   0.8321  0.0027    22.5   51.9 0.001205 
   15   0.8321   0.8289  0.0032    22.4   52.9 0.001428 
   18   0.8289   0.8260  0.0029    22.5   53.3 0.001294 
   21   0.8260   0.8229  0.0031    22.6   53.1 0.001384 
   24   0.8229   0.8197  0.0032    22.6   53.5 0.001428 
   27   0.8197   0.8166  0.0031    22.8   53.0 0.001384 
   30   0.8166   0.8133  0.0033    22.7   53.5 0.001473 
 
Equation: y = -2E-05x + 0.8437 
                R2 = 0.9988  
Mass Wear Rate     = 2E-05g/m 
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Date of Experiment:              29-10-2003    
Specimen:                                Pure Mg with 6.6 vol% Cu      
Normal Load:                            10N 
Rotational Speed:                      200rpm 
Sliding Velocity:                       2m/s 
Wear Track Radius:                   9.55 cm 
Diameter of the specimen:        4.88mm 
 
Experimental Data for Pure Mg with 6.6 vol% Cu under 10 N 
 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0          - 0.7940        - 21.5 61.5 
3 0.7940 0.7898 0.0042 21.0 61.5 0.001875
6 0.7898 0.7851 0.0047 21.3 62.3 0.002098
9 0.7851 0.7804 0.0047 21.5 61.9 0.002098
12 0.7804 0.7760 0.0044 21.5 61.3 0.001964
15 0.7760 0.7717 0.0043 21.5 61.3 0.00192
 
Equation: y = -3E-05x + 0.7941 
                R2 = 0.9997 
Mass Wear Rate     = 3E-05g/m 
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Date of Experiment:              4-11-2003    
Specimen:                                Pure Mg with 6.6 vol% Cu      
Normal Load:                            10N 
Rotational Speed:                      500rpm 
Sliding Velocity:                       5m/s 
Wear Track Radius:                   9.55 cm 
Diameter of the specimen:        4.88mm 
 
Experimental Data for Pure Mg with 6.6 vol% Cu under 10 N 
 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0      -      0.7809     27.6   54.4  
    3   0.7809   0.7717  0.0092    27.5   54.3 0.004107 
    6   0.7717   0.7609  0.0108    21.7   54.4 0.004821 
    9   0.7609   0.7512  0.0097    21.9   53.7 0.004330 
   12   0.7512   0.7395  0.0117    21.9   53.8 0.005223 
   15   0.7395   0.7244  0.0151    22.0   53.7 0.006741 
   18   0.7244   0.7110  0.0134    22.0   53.8 0.005982 
   21   0.7110   0.6975  0.0135    22.2   54.2 0.006027 
   24   0.6975   0.6869  0.0106    22.0   54.1 0.004732 
   27   0.6869   0.6732  0.0137    22.2   54.3 0.006166 
   30   0.6732   0.6623  0.0109    22.1   54.6 0.004866 
 
Equation: y = -7E-05x + 0.7847 
                R2 = 0.9973  
Mass Wear Rate     = 7E-05g/m 
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Date of Experiment:                 11-11-2003  
Specimen:                                 Pure Mg with 6.6 vol% Cu      
Normal Load:                           30N 
Rotational Speed:                     50rpm 
Sliding Velocity:                      0.5m/s 
Wear Track Radius:                   9.55 cm 
Diameter of the specimen:        4.89mm 
Experimental Data for Pure Mg with 6.6 vol% Cu under 30 N 
 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0      -      0. 8778     21.3   63.5  
    3   0. 8778   0.8762  0.0016    22.1   62.5 0.000714 
    6   0.8762   0.8742  0.0020    22.1   61.5 0.000892 
    9   0.8742   0.8721  0.0021    22.2   60.5 0.000937 
   12   0.8721   0.8694  0.0027    22.2   60.6 0.001205 
   15   0.8694   0.8671  0.0023    21.4   60.7 0.001026 
   18   0.8671   0.8654  0.0017    21.4   55.1 0.000758 
   21   0.8654   0.8634  0.0020    21.4   54.2 0.000892 
   24   0.8634   0.8612  0.0022    21.5   54.5 0.000982 
   27   0.8612   0.8591  0.0021    21.4   55.2 0.000937 
   30   0.8591   0.8566  0.0025    21.5   55.1 0.001110 
 
Equation: y = -1E-05x + 0.8782 
                 R2 = 0.9986 
Mass Wear Rate     = 1E-05g/m  
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Date of Experiment:                 18-11-2003  
Specimen:                                 Pure Mg with 6.6 vol% Cu      
Normal Load:                           30N 
Rotational Speed:                     100rpm 
Sliding Velocity:                      1m/s 
Wear Track Radius:                   9.55 cm 
Diameter of the specimen:        4.89mm 
 
Experimental Data for Pure Mg with 6.6 vol% Cu under 30 N 
 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0      -      0. 8568     22.0   59.2  
    3   0. 8568   0.8533  0.0035    22.1   59.0 0.001562 
    6   0.8533   0.8499  0.0034    22.2   59.1 0.001517 
    9   0.8499   0.8455  0.0044    22.6   58.4 0.001964 
   12   0.8455   0.8409  0.0046    22.8   58.3 0.002053 
   15   0.8409   0.8366  0.0043    22.7   57.9 0.001919 
   18   0.8366   0. 8312  0.0054    20.4   58.2 0.002410 
   21   0. 8312   0.8263  0.0049    20.5   57.0 0.002187 
   24   0.8263   0.8215  0.0048    21.0   56.5 0.002143 
   27   0.8215   0.8167  0.0048    20.8   57.1 0.002143 
   30   0.8167   0.8117  0.0050    20.8   56.6 0.002232 
 
Equation: y = -3E-05x + 0.8585 
                R2 = 0.997 
Mass Wear Rate     = 3E-05g/m 
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Date of Experiment:                 25-11-2003                  
Specimen:                                 Pure Mg with 6.6 vol% Cu      
Normal Load:                           30N 
Rotational Speed:                     200rpm 
Sliding Velocity:                      2m/s 
Wear Track Radius:                   9.55 cm 
Diameter of the specimen:        4.87mm 
Experimental Data for Pure Mg with 6.6 vol% Cu under 30 N 
 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0  0.869          - 21.1 64.7         - 
3 0.869 0.8624 0.0066 21.2 64.7 0.002947
6 0.8624 0.8541 0.0083 21.2 64.6 0.003706
9 0.8541 0.8467 0.0074 21.4 64.3 0.003304
12 0.8467 0.8391 0.0076 21.2 63.9 0.003393
15 0.8391 0.8312 0.0079 21.2 63.8 0.003527
 
Equation: y = -4E-05x + 0.8694 
                R2 = 0.9994 
    Mass Wear rate = 4E-05 g/m 
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Date of Experiment:                 9-12-2003                  
Specimen:                                 Pure Mg with 6.6 vol% Cu      
Normal Load:                           30N 
Rotational Speed:                     500rpm 
Sliding Velocity:                      5m/s 
Wear Track Radius:                   9.55 cm 
Diameter of the specimen:        4.87mm 
 
Experimental Data for Pure Mg with 6.6 vol% Cu under 30 N 
 
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
    0      -      0. 7670     20.8   58.5  
    3   0. 7670   0.7245  0.0425    21.0   57.9 0.01897 
    6   0.7245   0.6797  0.0448    20.8   58.2 0.02000 
    9   0.6797   0.6370  0.0427    19.6   55.8 0.01906 
   12   0.6370   0.5877  0.0493    19.8   56.7 0.02201 
   15   0.5877   0.5560  0.0317    19.6   56.8 0.01415 
 
Equation: y = -0.0002x + 0.7664 
                R2 = 0.9979 
    Mass Wear rate = 0.0002g/m 










WEAR DATA RESULTS FOR MAGENSIUM-TITANIUM COMPOSITES 
 
 
Date of Experiment:                 6-1-2004  
Specimen:                                 Pure Mg with 2.2 vol% Ti      
Normal Load:                           10N 
Rotational Speed:                     50rpm 
Sliding Velocity:                      0.5m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen         4.94mm 
Experimental Data for Pure Mg with 2.2 vol% Ti under 10 N  
     
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0  0.6223         - 21.4 59.8        - 
3 0.6223 0.6216 0.0007 22.4 59.5 0.000384 
6 0.6216 0.6204 0.0012 22.6 61.9 0.000659 
9 0.6204 0.6193 0.0011 22.0 65.5 0.000604 
12 0.6193 0.6182 0.0011 22.0 59.5 0.000604 
15 0.6182 0.6172 0.0010 21.7 58.5 0.000549 
18 0.6172 0.6163 0.0009 21.4 58.7 0.000494 
21 0.6163 0.6152 0.0011 21.5 59.9 0.000604 
24 0.6152 0.6142 0.0010 22.6 61.2 0.000549 
27 0.6142 0.6136 0.0006 22.6 63.5 0.000329 
30 0.6136 0.6122 0.0014 22.6 62.5 0.000769 
 
Equation: y = -6E-06x + 0.6224 
                R2 = 0.9980 
     Mass Wear Rate = 6E-06 g/m 
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Date of Experiment                  13-01-2004 
Specimen:                                 Pure Mg with 2.2 vol% Ti      
Normal Load:                           10N 
Rotational Speed:                     100rpm 
Sliding Velocity:                      1m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen:        4.99mm 
 
Experimental Data for Pure Mg with 2.2 vol% Ti under 10 N  
     
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0  0.6172         - 21.6 63.5 - 
3 0.6172 0.6150 0.0022 22.0 61.2 0.00120 
6 0.615 0.6126 0.0024 22.1 64.9 0.00131 
9 0.6126 0.6096 0.0030 21.9 64.6 0.00164 
12 0.6096 0.6066 0.0030 21.9 64.5 0.00164 
15 0.6066 0.6039 0.0027 21.9 64.7 0.00148 
18 0.6039 0.6011 0.0028 22.0 64.9 0.00153 
21 0.6011 0.5985 0.0026 22.0 64.7 0.00142 
24 0.5985 0.5952 0.0033 22.0 64.2 0.00181 
27 0.5952 0.5928 0.0024 21.7 62.4 0.00131 
30 0.5928 0.5899 0.0029 21.6 62.2 0.00159 
 
Equation: y = -2E-05x + 0.6177 
                R2 = 0.9992 
     Mass Wear Rate = 2E-05 g/m 
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Date of Experiment:                 16-01-2004   
Specimen:                                 Pure Mg with 2.2 vol% Ti      
Normal Load:                           10N 
Rotational Speed:                     200rpm 
Sliding Velocity:                      2m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen         4.982 mm 
Experimental Data for Pure Mg with 2.2 vol% Ti under 10 N  
     
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0        - 0.6381 - 21.2 62.0        - 
3 0.6381 0.6352 0.0029 21.2 62.1 0.001594 
6 0.6352 0.6314 0.0038 21.1 62.0 0.002089 
9 0.6314 0.6281 0.0033 21.2 62.0 0.001814 
12 0.6281 0.6245 0.0036 21.3 61.7 0.001979 
15 0.6245 0.6205     0.0040 21.2 62.0 0.002199 
 
Equation: y = -2E-05x + 0.6384 
                R2 = 0.9983 
     Mass Wear Rate = 2E-05 g/m 
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Date of Experiment:                 20-01-2004        
Specimen:                                 Pure Mg with 2.2 vol% Ti      
Normal Load:                           10N 
Rotational Speed:                     500rpm 
Sliding Velocity:                      5m/s 
Wear Track Radius:                 9.55 cm 
Diameter of the specimen        4.97mm 
Experimental Data for Pure Mg with 2.2 vol% Ti under 10 N   
    
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0  0.5717  20.9 59.8  
3 0.5717 0.5622 0.0095 21.1 58.9 0.00522 
6 0.5622 0.5489 0.0133 21.2 58.6 0.00731 
9 0.5489 0.5340 0.0149 21.2 58.6 0.00819 
12 0.5340 0.5208 0.0132 21.3 58.6 0.00725 
15 0.5208 0.5075 0.0133 21.4 58.3 0.00731 
 
Equation: y = -7E-05x + 0.5737 
                 R2 = 0.9969 
    Mass Wear Rate = 7E-05 g/m 
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Date of Experiment:                 23-1-2004       
Specimen:                                 Pure Mg with 2.2 vol% Ti      
Normal Load:                           30N 
Rotational Speed:                     50rpm 
Sliding Velocity:                      0.5m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen         4.92mm 
 
Experimental Data for Pure Mg with 2.2 vol% Ti under 30 N  
     
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0        - 0.6760        - 21.4 58.4       - 
3 0.6760 0.6747 0.0013 21.4 58.4 0.000714 
6 0.6747 0.6732 0.0015 21.4 55.6 0.000824 
9 0.6732 0.6715 0.0017 21.4 59.1 0.000934 
12 0.6715 0.6698 0.0017 21.6 55.4 0.000934 
15 0.6698 0.6684 0.0014 21.3 55.3 0.000769 
18 0.6684 0.6668 0.0016 21.5 55.3 0.000879 
21 0.6668 0.6655 0.0013 21.7 53.4 0.000714 
24 0.6655 0.6640 0.0015 21.6 53.2 0.000824 
27 0.6640 0.6624 0.0016 21.6 52.8 0.000879 
30 0.6624 0.6611 0.0013 21.6 53.2 0.000714 
 
Equation: y = -8E-06x + 0.6761 
                R2 = 0.9993 
    Mass Wear Rate = 8E-06 g/m 
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Date of Experiment:                 27-1-2004        
Specimen:                                 Pure Mg with 2.2 vol% Ti      
Normal Load:                           30N 
Rotational Speed:                     100rpm 
Sliding Velocity:                      1m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen         5.00mm 
 
Experimental Data for Pure Mg with 2.2 vol% Ti under 30 N  
     
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0        - 0.6407         - 22.1 60.1 - 
3 0.6407 0.6377 0.0030 22.0 60.2 0.00164 
6 0.6377 0.6338 0.0039 22.0 60.3 0.00214 
9 0.6338 0.6296 0.0042 22.0 59.6 0.00230 
12 0.6296 0.6254 0.0042 22.1 60.0 0.00230 
15 0.6254 0.6211 0.0043 22.0 60.4 0.00236 
18 0.6211 0.6177 0.0034 22.2 60.2 0.00186 
21 0.6177 0.6146 0.0031 22.1 60.3 0.00170 
24 0.6146 0.6108 0.0038 22.2 60.1 0.00208 
27 0.6108 0.6070 0.0038 22.1 59.5 0.00208 
30 0.6070 0.6035 0.0035 22.3 61.2 0.00137 
 
Equation: y = -2E-05x + 0.6409 
                 R2 = 0.9987 
    Mass Wear Rate = 2E-05 g/m 
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Date of Experiment:          3-02-2004           
Specimen:                          Pure Mg with 2.2 vol% Ti      
Normal Load:                    30N 
Rotational Speed:              200rpm 
Sliding Velocity:               2m/s 
Wear Track Radius:          9.55 cm 
Diameter of the specimen: 4.99 mm 
 
Experimental Data for Pure Mg with 2.2 vol% Ti under 30 N  
     
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0       - 0.6155       - 65.6 20.2 - 
3 0.6155 0.6098 0.0057 65.7 20.2 0.003134 
6 0.6098 0.6036 0.0062 65.0 22.0 0.003409 
9 0.6036 0.5961 0.0075 65.2 22.6 0.004123 
12 0.5961 0.5879 0.0082 67.7 22.0 0.004508 
15 0.5879 0.5795 0.0084 65.8 22.0 0.004618 
 
Equation: y = -4E-05x + 0.6168 
                R2 = 0.9939 
    Mass Wear Rate = 4E-05 g/m 
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Date of Experiment:                 6-02-2004  
Specimen:                                 Pure Mg with 2.2 vol% Ti      
Normal Load:                           30N 
Rotational Speed:                     500rpm 
Sliding Velocity:                      5m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen         4.982 mm  
 
Experimental Data for Pure Mg with 2.2 vol% Ti under 30 N  
     
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0        - 0.6491        - 20.6      64.7 - 
3 0.6491 0.6394 0.0097 20.5      64.4 0.005333 
6 0.6394 0.6293 0.0101 20.7      64.0 0.005553 
9 0.6293 0.6199 0.0094 20.9 63.8 0.005168 
12 0.6199 0.6100     0.0100 20.9 63.9 0.005498 
15 0.6100 0.6008  0.0092 20.9  63.6 0.005058 
 
Equation: y = -5E-05x + 0.6490 
                 R2 = 0.9999 
    Mass Wear Rate = 5E-05 g/m 
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Date of Experiment:                 10-02-2004    
Specimen:                                 Pure Mg with 4.0 vol% Ti      
Normal Load:                           10N 
Rotational Speed:                     50rpm 
Sliding Velocity:                      0.5m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen         4.99 mm  
 
Experimental Data for Pure Mg with 4.0 vol% Ti under 10 N  
     
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0         - 0.6313        - 20.3 65.0 - 
3 0.6313 0.6299 0.0014 20.4 64.9 0.000733 
6 0.6299 0.6287 0.0012 20.3 64.9 0.000628 
9 0.6287 0.6276 0.0011 20.4 64.5 0.000576 
12 0.6276 0.6264 0.0012 20.4 64.3 0.000628 
15 0.6264 0.6252 0.0012 20.4 64.3 0.000628 
18 0.6252 0.6241 0.0011 20.3 64.4 0.000576 
21 0.6241 0.6230 0.0011 20.4 64.2 0.000576 
24 0.6230 0.6219 0.0011 20.3 64.1 0.000576 
27 0.6219 0.6208 0.0011 20.4 64.0 0.000576 
30 0.6208 0.6195 0.0013 20.5 64.0 0.000681 
 
Equation: y = -6E-06x + 0.6311 
                R2 = 0.9994 
    Mass Wear Rate = 6E-06 g/m 
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Date of Experiment:                 13-02-2004          
Specimen:                                 Pure Mg with 4.0 vol% Ti      
Normal Load:                           10N 
Rotational Speed:                     100rpm 
Sliding Velocity:                      1m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen          4.975 mm 
Experimental Data for Pure Mg with 4.0 vol% Ti under 10 N  
     
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0        - 0.6344          - 19.4 67.1 - 
3 0.6344 0.6316 0.0028 19.5 67.2 0.001466 
6 0.6316 0.6292 0.0024 19.5 67.1 0.001257 
9 0.6292 0.6263 0.0029 19.5 66.9 0.001519 
12 0.6263 0.6235 0.0028 19.6 66.8 0.001466 
15 0.6235 0.6212 0.0023 19.6 66.4 0.001205 
18 0.6212 0.6184 0.0028 19.7 66.3 0.001466 
21 0.6184 0.6163 0.0021 19.7 65.5 0.001099 
24 0.6163 0.6146 0.0017 19.8 65.9 0.000890 
27 0.6146 0.6118 0.0028 19.8 65.9 0.001466 
30 0.6118 0.6085 0.0033 19.8 65.8 0.001728 
 
Equation: y = -1E-05x + 0.6341 
                R2 = 0.9977 
     Mass Wear Rate = 1E-05 g/m 
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Date of Experiment:                 19-02-2004 
Specimen:                                 Pure Mg with 4.0 vol% Ti      
Normal Load:                           10N 
Rotational Speed:                     200rpm 
Sliding Velocity:                      2m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen          4.972 mm 
Experimental Data for Pure Mg with 4.0 vol% Ti under 10 N 
      
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0         - 0.6943           - 21.0 63.9 - 
3 0.6943 0.6914 0.0029 21.0 63.4 0.001519 
6 0.6914 0.6861 0.0053 21.0 63.3 0.002776 
9 0.6861 0.6825 0.0036 21.2 63.0 0.001885 
12 0.6825 0.6769 0.0056 21.3 62.8 0.002933 
15 0.6769 0.6720 0.0049 21.3 62.8 0.002566 
 
Equation: y = -3E-05x +0.6952 
                R2 = 0.9932 
    Mass Wear Rate = 3E-05 g/m 
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Date of Experiment:                 19-2-2004    
Specimen:                                 Pure Mg with 4.0 vol% Ti      
Normal Load:                           10N 
Rotational Speed:                     500rpm 
Sliding Velocity:                      5m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen          4.960 mm 
 
Experimental Data for Pure Mg with 4.0 vol% Ti under 10 N  
     
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0        - 0.6529         - 19.8 66.7 - 
3 0.6529 0.6398 0.0131 19.8 66.6 0.006861 
6 0.6398 0.6233 0.0165 21.0 66.0 0.008641 
9 0.6233 0.6084 0.0149 19.9 66.1 0.007803 
12 0.6084 0.5984 0.0136 19.9 66.2 0.007123 
15 0.5984 0.5805 0.0143 19.8 66.3 0.007489 
 
Equation: y = -8E-05x + 0.653 
                R2 = 0.9964 
     Mass Wear Rate = 8E-05 g/m 
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Date of Experiment:                 26-02-2004  
Specimen:                                 Pure Mg with 4.0 vol% Ti      
Normal Load:                           30N 
Rotational Speed:                     50rpm 
Sliding Velocity:                      0.5m/s 
Wear Track Radius:                 9.55 cm 
Diameter of the specimen         4.890 mm 
 
Experimental Data for Pure Mg with 4.0 vol% Ti under 30 N  
     
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0       -    0.7074     -      21.2    63.0 - 
3    0.7074    0.7059    0.0015      21.4    63.0 0.000825 
6    0.7059    0.7043    0.0016      21.3    63.4 0.000879 
9    0.7043    0.7035    0.0008      21.1    63.3 0.000439 
12    0.7035    0.7020    0.0015      21.2    63.6 0.000825 
15    0.702    0.7008    0.0012      21.2    63.6 0.000659 
 
Equation: y = -7E-06x + 0.7072 
                R2 = 0.9942 
     Mass Wear Rate = 7E-06 g/m 
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Date of Experiment:                2-3-2004   
Specimen:                                 Pure Mg with 4.0 vol% Ti      
Normal Load:                           30N 
Rotational Speed:                     200rpm 
Sliding Velocity:                      2m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen         4.980mm 
 
Experimental Data for Pure Mg with 4.0 vol% Ti under 30 N   
    
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0         - 0.6019         - 21.9 62.9 - 
3 0.6019 0.5959 0.0060 21.2 62.9 0.003142 
6 0.5959 0.5897 0.0062 21.3 62.5 0.003247 
9 0.5897 0.5834 0.0063 21.3 62.4 0.003299 
12 0.5834 0.5774 0.0060 21.1 62.3 0.003142 
15 0.5774 0.5711 0.0063 21.1 62.6 0.003299 
 
Equation: y = -3E-05x + 0.602 
                R2 = 1 
    Mass Wear Rate = 3E-05 g/m 
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Date of Experiment:                5-3-2004   
Specimen:                                 Pure Mg with 4.0 vol% Ti      
Normal Load:                           30N 
Rotational Speed:                     100rpm 
Sliding Velocity:                      1m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen          4.879mm 
 
Experimental Data for Pure Mg with 4.0 vol% Ti under 30 N  
     
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0 - 0.6102 - 64.6 20.4 - 
3 0.6102 0.6077 0.0025 64.6 20.5 0.001309 
6 0.6077 0.6044 0.0033 64.6 20.5 0.001728 
9 0.6044 0.6016 0.0028 64.3 20.6 0.001466 
12 0.6016 0.5992 0.0024 64.2 20.4 0.001257 
15 0.5992 0.5968 0.0024 64.3 20.4 0.001257 
 
Equation: y = -2E-05x + 0.6101 
                R2 = 0.997 
     Mass Wear Rate = 2E-05 g/m 
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Date of Experiment:                 10-3-2004 
Specimen:                                 Pure Mg with 4.0 vol% Ti      
Normal Load:                           30N 
Rotational Speed:                     500rpm 
Sliding Velocity:                      5m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen         4.90mm    
 
Experimental Data for Pure Mg with 4.0 vol% Ti under 30 N  
     
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0         - 0.5879        - 63.2 20.9 - 
3 0.5879 0.5767 0.0112 62.9 21.0 0.005866
6 0.5767 0.5675 0.0092 62.6 21.2 0.004818
9 0.5675 0.5569 0.0106 62.9 21.0 0.005551
12 0.5569 0.5467 0.0102 63.2 21.0 0.005342
15 0.5467 0.5352 0.0115 63.2 20.9 0.006023
 
Equation: y = -6E-05x + 0.5878 
                R2 = 0.9992 
    Mass Wear Rate = 6E-05 g/m 
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Date of Experiment:                 16-03-2004             
Specimen:                                 Pure Mg with 5.9 vol% Ti      
Normal Load:                           10N 
Rotational Speed:                     50rpm 
Sliding Velocity:                      0.5m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen          4.98mm 
 
Experimental Data for Pure Mg with 5.9 vol% Ti under 10 N  
     
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0       - 0.7757       - 21.6 63.5 - 
3 0.7757 0.7746 0.0011 21.7 63.0 0.000545 
6 0.7746 0.7738 0.0008 21.1 61.4 0.000396 
9 0.7738 0.7728 0.0010 21.6 62.0 0.000495 
12 0.7728 0.7718 0.0010 22.3 62.3 0.000495 
15 0.7718 0.7706 0.0012 22.1 60.8 0.000594 
18 0.7706 0.7692 0.0014 21.8 64.9 0.000693 
21 0.7692 0.7678 0.0014 21.6 64.6 0.000693 
24 0.7678 0.7666 0.0012 21.6 61.6 0.000594 
27 0.7666 0.7654 0.0012 21.5 61.2 0.000594 
30 0.7654 0.7642 0.0012 21.4 60.4 0.000594 
 
Equation: y = -6E-06x + 0.7761 
                R2 = 0.9954 
     Mass Wear Rate = 6E-06 g/m 
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Date of Experiment:                 23-3-2004            
Specimen:                                 Pure Mg with 5.9 vol% Ti      
Normal Load:                           10N 
Rotational Speed:                     100rpm 
Sliding Velocity:                      1m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen          5.02mm 
 
Experimental Data for Pure Mg with 5.9 vol% Ti under 10 N  
     
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0      - 0.7760         - 20.9 65.0        - 
3 0.7760 0.7737 0.0023 20.6 65.0 0.00114 
6 0.7737 0.7706 0.0031 20.6 63.0 0.00153 
12 0.7706 0.7675 0.0031 20.6 61.0 0.00153 
15 0.7675 0.7640 0.0035 21.6 59.2 0.00173 
18 0.7640 0.7611 0.0029 21.6 68.7 0.00143 
 
Equation: y = -2E-05x + 0.7764 
                R2 = 0.9971 
    Mass Wear Rate = 2E-05 g/m. 
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Date of Experiment:                 26-2-2004            
Specimen:                                 Pure Mg with 5.9 vol% Ti      
Normal Load:                           10N 
Rotational Speed:                     200rpm 
Sliding Velocity:                      2m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen          4.98mm 
 
Experimental Data for Pure Mg with 5.9 vol% Ti under 10 N   
    
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0         - 0.7992        - 20.8 63.9 - 
3 0.7992 0.7961 0.0031 20.8 63.9 0.001537 
6 0.7961 0.7917 0.0044 20.8 64.3 0.002181 
12 0.7917 0.7869 0.0048 21.0 63.8 0.002379 
15 0.7869 0.7831 0.0038 20.9 63.7 0.001884 
18 0.7831 0.7788 0.0043 20.9 63.5 0.002131 
 
Equation: y = -2E-05x + 0.7997 
                R2 = 0.9974 
    Mass Wear Rate = 2E-05 g/m 








                                                                                                                         Appendix-IV 
 
 181
Date of Experiment:                 30-3-2004    
Specimen:                                 Pure Mg with 5.9 vol% Ti      
Normal Load:                           10N 
Rotational Speed:                     500rpm 
Sliding Velocity:                      5m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen          5.00mm 
Experimental Data for Pure Mg with 5.9 vol% Ti under 30 N    
   
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0        -  0.7252       - 60.8 20.6 - 
3 0.7252 0.7194 0.0058 60.1 20.8 0.00287 
6 0.7194 0.7131 0.0063 60.6 20.8 0.00312 
9 0.7131 0.7068 0.0063 66.8 21.8 0.00312 
12 0.7068 0.7007 0.0061 62.0 21.3 0.00302 
15 0.7007 0.6941 0.0066 59.0 21.0 0.00327 
18 0.6941 0.6877 0.0064 60.0 21.1 0.00317 
21 0.6877 0.6814 0.0063 60.3 20.9 0.00312 
24 0.6814     0.6751 0.0063 58.4 21.1 0.00312 
27 0.6751     0.6691 0.0060 58.4 21.2 0.00297 
30 0.6691  0.6629 0.0062 62.0 21.3 0.00307 
 
Equation: y = -3E-05x + 0.7255 
                R2 = 0.9999 
Mass Wear Rate = 3E-05 g/m 
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Date of Experiment:                 2-4-2004               
Specimen:                                 Pure Mg with 5.9 vol% Ti      
Normal Load:                           30N 
Rotational Speed:                     50rpm 
Sliding Velocity:                      0.5m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen          4.99mm 
 
Experimental Data for Pure Mg with 5.9 vol% Ti under 30 N  
     
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0       - 0.7109        - 21.2 57.1 - 
3 0.7109 0.7096 0.0013 21.2 57.8 0.000644
6 0.7096 0.7078 0.0018 21.1 56.5 0.000892
9 0.7078 0.7062 0.0016 21.1 55.5 0.000793
12 0.7062 0.7048 0.0014 21.0 52.3 0.000693
15 0.7048 0.7030 0.0018 21.0 55.6 0.000892
18 0.7030 0.7015 0.0015 21.0 53.8 0.000743
21 0.7015 0.6998 0.0017 21.2 54.8 0.000842
24 0.6998 0.6985 0.0013 21.2 54.5 0.000644
27 0.6985 0.6970 0.0015 21.2 51.7 0.000743
30 0.6970 0.6954 0.0016 21.1 54.6 0.000793
Equation:  y = -9E-06x + 0.711 
                 R2 = 0.9994 
    Mass Wear Rate = 9E-06 g/m. 
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Date of Experiment:                6-4-2004           
Specimen:                                Pure Mg with 5.9 vol% Ti      
Normal Load:                           30N 
Rotational Speed:                    100rpm 
Sliding Velocity:                      1m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen          4.92mm 
 
Experimental Data for Pure Mg with 5.9 vol% Ti under 30 N  
     
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0       - 0.6517 - 21.5 62.3 - 
3 0.6517 0.6491 0.0026 21.5 62.7 0.00128 
6 0.6491 0.6452 0.0039 21.5 62.2 0.00193 
9 0.6452 0.6406 0.0046 20.8 62.6 0.00228 
12 0.6406 0.6359 0.0047 21.3 58.5 0.00232 
15 0.6359 0.6315 0.0044 21.3 61.5 0.00218 
18 0.6315 0.6277 0.0038 24.2 61.6 0.00188 
21 0.6277 0.6220 0.0057 23.7 68.6 0.00282 
24 0.6220 0.6174 0.0046 23.8 62.7 0.00228 
27 0.6174 0.6127 0.0047 23.4 64.4 0.00232 
30 0.6127 0.6088 0.0039 23.5 62.8 0.00193 
 
Equation: y = -2E-05x + 0.6534 
                R2 = 0.99774 
    Mass Wear Rate = 2E-05 g/m 
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Date of Experiment:                14-4-2004  
Specimen:                                Pure Mg with 5.9 vol% Ti      
Normal Load:                           30N 
Rotational Speed:                     200rpm 
Sliding Velocity:                      2m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen         4.99mm 
 
Experimental Data for Pure Mg with 5.9 vol% Ti under 30 N  
     
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0         - 0.7380        - 64.0 20.6 - 
3 0.7380 0.7317 0.0063 64.0 20.6 0.003123 
6 0.7317 0.7233 0.0084 63.3 21.2 0.004164 
9 0.7233 0.7163 0.0070 65.2 21.1 0.003469 
12 0.7163 0.7075 0.0080 62.7 21.1 0.003966 
15 0.7075 0.6994 0.0081 62.7 21.2 0.004015 
 
Equation: y = -4E-05x + 0.7388 
                R2 = 0.998 
    Mass Wear Rate = 4E-05 g/m 
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Date of Experiment:                21-4-2004  
Specimen:                                Pure Mg with 5.9 vol% Ti      
Normal Load:                           30N 
Rotational Speed:                     500rpm 
Sliding Velocity:                      5m/s 
Wear Track Radius:                  9.55 cm 
Diameter of the specimen          4.97mm 
 
Experimental Data for Pure Mg with 5.9 vol% Ti under 30 N  
     
  Time 









  (oC) 
Relative 
Humidity  
  (%) 
Volume 
loss (cc) 
0       -   0.7250      -     20.0    66.1        - 
3    0.7250   0.7134   0.0116     20.1    65.7 0.00575
6    0.7134   0.7005   0.0129     20.0    65.8 0.006394
9    0.7005   0.6868   0.0137     19.9    66.6 0.006791
12    0.6868   0.6699   0.0169     20.1    66.6 0.008377
15    0.6699   0.6545   0.0154     20.1    66.6 0.007634
 
Equation: y = -7E-05x + 0.7218 
                R2 = 0.9711 
    Mass Wear Rate = 7E-05 g/m 
Volume Wear Rate = 0.0346mm3/m. 
 
 
 
